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1.0 INTRODUCTION 

This Corrective Action Plan (Plan) was prepared by Tetra Tech FW, Inc. (TtFW) in partial 
fulfillment of the scope of work under Contract Task Order No. 0063 for the U.S. Department of 
the Navy, Southwest Division Naval Facilities Engineering Command (SWDIV) Remedial 
Action Contract No. N68711-98-D-5713. This CAP addresses Underground Storage Tank (UST) 
Site 210620 at Marine Corps Base (MCB) Camp Pendleton, California (Figure 1-1). 

1.1 SITE IDENTIFICATION 

The following list summarizes site identification data: 

Site Address: Building 210620, 21 Area 
MCB Camp Pendleton, California  92055 

Facility: Gasoline Service Station 

Regional Water Quality 
Control Board (RWQCB) 
Case No.: 

9UT3443 

County of San Diego 
Department of 
Environmental Health (DEH) 
Case No.: 

H05939-320 

Property Owner: United States Marine Corps 

MCB Camp Pendleton 
Contact: 

Ms. Tracy Sahagun 
Assistant Chief of Staff, Environmental Security 
Box 555008, Building 22165 
Camp Pendleton, California  92055-5008 
(760) 725-9752 

Remedial Project 
Manager: 

Mr. Herb Doughty 
SWDIV 
1220 Pacific Highway 
San Diego, California 92132-5181 
(619) 532-4714 

Responsible Party: United States Marine Corps 
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1.2 OBJECTIVES 

The primary objectives of this Plan are as follows: 

• Summarize the site history and assess the impacts of contamination detected in soil 
and groundwater. 

• Evaluate relevant potential corrective action alternatives for remediating or mitigating 
the effects of contamination. 

• Provide a recommendation regarding the most appropriate corrective action for the site. 

• Meet the requirements of the RWQCB and the DEH for the submittal of this Plan. 

UST Site 210620 is regulated under the California State Water Resources Control Board Leaking 
Underground Fuel Tank program as administered by the RWQCB, San Diego Region. The 
document guiding the assessment, remediation, and closure process for the site is the San Diego 
County Site Assessment and Mitigation Manual 2004 (DEH, 2004). 

The overall purpose of this Plan is to identify and evaluate the most efficient and effective remedial 
alternatives for addressing contamination at UST Site 210620. This Plan contains seven sections, 
including this introduction as Section 1.0. Section 2.0 includes a description of the site and a 
summary of previous site investigation activities. Section 3.0 includes an assessment of current soil 
and groundwater impacts, and Section 4.0 proposes site cleanup goals. Section 5.0 develops a list 
of alternatives that are appropriate for the site and presents evaluations on their effectiveness, 
implementability, and cost. A recommendation on the most preferred alternative is included in 
Section 6.0, and a list of references used to prepare this Plan is included in Section 7.0. 
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2.0 SITE DESCRIPTION AND HISTORY 

The following sections provide a brief description of the site and a summary of previous 
investigations. 

2.1 SITE DESCRIPTION  

UST Site 210620 is an active gasoline service station located adjacent to Building 210620, near 
the intersection of 9th and B Streets in the 21 Area, MCB Camp Pendleton, California. The site is 
located immediately adjacent to a Pizza Hut/Subway and contains three gasoline USTs and three 
dispenser islands. The USTs are located immediately to the north of the dispenser islands. USTs 
210620-1 & 2 were installed in 1968, had a capacity of 10,000 gallons each, and were constructed 
of steel. UST 210620-3 was installed in 1978, had a capacity of 12,000 gallons, and was constructed 
of fiberglass.  

2.2 UST REPLACEMENT 

In January 1997, the three USTs and ancillary piping were removed by the Marine Corps (Brown 
and Caldwell, 1999). Soil discoloration was not observed during removal activities; however, 
hydrocarbon odors were detected. Following removal of the USTs, the tank cavity was over-
excavated to approximately 15 feet below ground surface (bgs) and sampled. Soil samples were 
collected from the floor of the excavation between 14.5 and 15.5 feet bgs, from the sidewalls of 
the excavation, and near former pipeline connections to determine whether subsurface soil had 
been impacted. Soil samples were analyzed for total petroleum hydrocarbons quantified as 
gasoline (TPH-g); total petroleum hydrocarbons quantified as diesel (TPH-d); benzene, toluene, 
ethylbenzene, and total xylenes (BTEX); and total lead. Soil sample locations and analytical 
results are summarized on Figure 2-1. Contamination was primarily detected in soil samples 
collected near the northwest half of the tank removal excavation. The highest reported levels of 
TPH-g, TPH-d, and lead were 420 milligrams per kilogram (mg/kg), 270 mg/kg, and 3.4 mg/kg, 
respectively. BTEX compounds were not detected. 

Following UST removal and over-excavation activities, three new USTs, which are currently 
being used, were installed in the same tank cavity. 

2.3 SITE ASSESSMENT 

In June 1998, a site assessment was conducted to evaluate the horizontal and vertical extent of 
petroleum hydrocarbons in soil and groundwater (Brown and Caldwell, 1999). Twenty-one soil 
borings were drilled and sampled to a maximum depth of approximately 55 feet bgs. Three of the 
soil borings were converted to groundwater monitoring wells (MW1, MW2, and MW3). 

Soil samples were analyzed for TPH-g, TPH-d, BTEX, volatile organic compounds (VOCs) (two 
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samples), polynuclear aromatic hydrocarbons (PAHs) (one sample), and organic lead (one 
sample). Methyl tert-butyl ether (MTBE) was analyzed in samples collected at 45 or 50 feet bgs, 
or just above the groundwater table, in each boring. TPH-g, TPH-d, and BTEX were not detected 
in any of the soil samples. MTBE was detected in soil samples collected from just above the 
groundwater table up to 150 feet from the tank cavity. The highest reported concentration of 
MTBE in soil was 4.97 mg/kg. VOCs other than MTBE, and PAHs, were not detected. Organic 
lead was reportedly detected just above groundwater at 1.46 mg/kg. Soil sample locations and 
results from the site investigation are summarized on Figure 2-2. 

Groundwater samples were collected from temporary wells installed in each of the 21 soil borings 
and from wells MW1, MW2 and MW3 after they were permanently installed. Various VOCs, 
MTBE, and total lead were detected (Brown and Caldwell, 1999). The concentrations of VOCs 
that have RWQCB Ocean Plan Water Quality Objectives (WQOs) were below their associated 
WQOs. The highest concentration of MTBE in groundwater was reported at 23.3 milligrams per 
liter (mg/L), and total lead was detected at a maximum concentration of 0.7 mg/L. TPH-g, TPH-d, 
and PAHs were not detected in any groundwater sample. Groundwater sample results from the 
site investigation are summarized on Figure 2-3. 

2.4 ADDITIONAL SITE CHARACTERIZATION 

Between October and November 2000, additional site characterization activities, which included 
the installation of seven new groundwater monitoring wells (MW4 through MW10), were 
conducted [Foster Wheeler Environmental Corporation (FWENC), 2001]. The additional wells 
were installed to better define the vertical and horizontal extent of MTBE in groundwater by 
expanding the existing well monitoring network. To evaluate the vertical extent of MTBE in 
groundwater, two monitoring wells, identified as MW5 and MW9, were installed with screened 
intervals 25 to 30 feet below the groundwater table (75 to 80 feet bgs). The remaining wells were 
screened across the groundwater table located at approximately 50 feet bgs. To determine if 
subsurface soil was impacted by gasoline contaminants, soil samples were collected from the 
vadose zone from well boring MW4, which was advanced adjacent to the former tank cavity. 
Soil samples were collected at 39.5, 40.5 (duplicate), and 50 feet bgs. Analytical results indicated 
that TPH-g, MTBE, tert-butyl alcohol (TBA), and total lead were detected at the highest 
concentrations in the soil sample collected from the top of a thin silt-rich layer at 40.5 feet bgs at 
280 micrograms per kilogram (μg/kg), 3,800 μg/kg, 1,300 μg/kg, and 6.0 mg/kg, respectively. 

In addition, to evaluate the potential presence of microbes in the soil that specifically degrade 
MTBE, soil samples were collected a few feet below the water table during drilling of well MW4 
(located adjacent to the tank cavity) and from a soil boring located near MW10 (located 
approximately 180 feet downgradient from the tank cavity) (FWENC, 2001). The samples were 
sent to the Center for Environmental Microbiology in Riverside, California, for analyses. Results 
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indicated that MTBE-degrading bacterial populations were indeed present in both samples 
(FWENC, 2001). 

In January and February 2002, one of the existing groundwater monitoring wells (MW3) was 
abandoned and two additional groundwater monitoring wells were installed (MW11 and MW12) 
(FWENC, 2002). Groundwater monitoring well MW3, previously installed in June 1998 (Brown 
and Caldwell, 1999), was abandoned because the well casing had become compromised with tree 
roots that inhibited the collection of groundwater samples. Monitoring well MW11 was installed 
near former well MW3, but farther from the large tree suspected of interfering with the well. 
New well MW12 was installed downgradient of well MW7, where elevated levels of MTBE had 
been previously reported. 

In April 2003, another new well, MW13, was installed to the west of the tank cavity to further 
evaluate the extent of MTBE in that direction (FWENC, 2003a). 

2.5 GROUNDWATER MONITORING PROGRAM 

In 2001, following the installation of the seven additional groundwater monitoring wells, a 
1-year quarterly groundwater program was completed. In 2002, after the initial 1-year of 
quarterly monitoring, routine semiannual sampling began. During the 1 year of quarterly 
sampling in 2001, each well was sampled using traditional groundwater sampling techniques 
with a submersible pump and disposable bailer to purge and sample, respectively. At the request 
of MCB Camp Pendleton and SWDIV, during the semiannual monitoring that began in 2002, 
each well was sampled using low-flow sampling techniques with dedicated submersible pumps. 
Both traditional and low-flow sampling techniques were performed in accordance with the most 
recent guidance available at the time provided in the San Diego County Site Assessment and 
Mitigation Manual 2004 (DEH, 2004). 

Groundwater elevations were recorded in each well during each sampling event and groundwater 
samples were routinely analyzed for TPH-g, VOCs (including BTEX, MTBE, and other fuel 
oxygenates), total lead, and natural attenuation parameters (nitrate, sulfate, and so forth). 
Historical groundwater elevation data, plus historical contaminant and natural attenuation results 
from the groundwater monitoring program are summarized in Tables 2-1, 2-2, and 2-3, 
respectively. 

Throughout the groundwater monitoring program, groundwater was typically encountered at 
approximately 50 feet bgs and predominately flowed to the northwest with a relatively low 
gradient of approximately 0.004 feet per foot. Figure 2-4 displays groundwater elevation 
contours, along with analytical results, from the most recent semiannual sampling event 
completed in January 2004.  
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The primary contaminant in groundwater at the site throughout the monitoring program was 
MTBE, which was detected up to a maximum of 9,000 micrograms per liter (μg/L) when 
monitoring first began in 2001, and up to a maximum of 1,500 μg/L during the most recent event 
in January 2004. TBA and tert-amyl methyl ether (TAME) were also detected in groundwater, 
and ethyl tert-butyl ether (ETBE) and di-isopropyl ether (DIPE) were occasionally detected. 
TPH-g was only detected once, in 2001 at 0.051 mg/L, and BTEX was rarely, if ever, detected. 
When BTEX was detected, it was detected at very low to trace levels. Other VOCs were also 
reported, but typically at trace levels. Table 2-2 contains a summary of historical groundwater 
sampling results. 

In addition to analyzing for constituents of concern, samples from wells MW8, MW9, MW10, 
MW12, and MW13, were also routinely analyzed for parameters to be used for the evaluation of 
natural attenuation processes. Laboratory analysis for nitrate and sulfate, along with field 
measurements for dissolved oxygen (DO) and the oxidation/reduction potential (ORP), were 
performed. In addition, iron (II) analyses were performed in the field using kits specifically 
designed for this purpose. The analytical results for natural attenuation parameters and applicable 
field measurements are summarized in Table 2-3. 

The primary contaminant in groundwater at the site, MTBE, is subject to degradation via 
biological oxidation. The rate of this process is strongly influenced by the availability of electron 
acceptors, such as DO, nitrate, iron (III), and sulfate. DO and ORP data (Table 2-3), in general, 
indicate anoxic conditions in monitoring wells containing MTBE (MW9, MW10, and MW12) 
relative to those which do not contain MTBE (MW8, and MW13). These data, along with results 
indicating that MTBE-degrading microbes are present at the site (Section 2.4), suggest that 
biodegradation of MTBE is occurring, which has consumed available oxygen in the wells where 
MTBE is present.  

Additional evidence suggesting that biological degradation is occurring is provided by the 
decreased nitrate levels observed in wells MW9, MW10, and MW12, and the presence of iron 
(II) [the product of iron (III) reduction] in samples from wells MW9 and MW12, relative to wells 
MW8, and MW13.  

Overall, the depletion of DO and nitrate, the decreased ORP, and the presence of iron (II) 
observed in samples from wells where MTBE is present relative to samples from wells where it 
is absent, along with the decrease in the concentrations of MTBE in groundwater, and the 
presence of MTBE degraders in site soils, indicates that biological oxidation of MTBE is 
actively occurring.  

2.6 SOIL VAPOR EXTRACTION PILOT TEST 

In September 2003, a long-term soil vapor extraction (SVE) pilot test began at the site to 
evaluate the feasibility of using SVE as a remediation technology to remove MTBE from vadose 
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zone soils near the tank cavity. A complete summary of the test and test results is included as 
Appendix A. The primary objectives of the test were as follows: 

• Estimate the SVE radius of vacuum influence.  

• Estimate MTBE removal rates. 

• Assess the feasibility of using SVE as a technology for MTBE removal based on 
extraction flow rates/vacuum, mass removal rates, radius of influence, and field 
permeability.  

The pilot test used two SVE extraction wells specifically installed for the test (FWENC, 2003b).  
One of the extraction wells was installed at an angle so a well screen could be located beneath 
the tank cavity.  Each extraction well contained two screened intervals, one from 25 to 35 feet 
bgs, and the other from 40 to 50 feet bgs. Each extraction well also contained two 1-inch-
diameter monitoring probes with 1-foot screens installed at approximately 15 feet bgs and 20 feet 
bgs. The locations of the extraction wells are shown on Figure 2-5. During installation of the 
wells, soil samples were collected and analyzed for VOCs.  Results indicated that MTBE, TBA, 
and TAME were present at 42 feet bgs in the thin silt-rich layer at a maximum concentration of 
3,200 μg/kg, 510 μg/kg, and 5.7 μg/kg, respectively (Appendix A). 

The test began with a 2-day vacuum step test to obtain data on extraction vacuums, observation 
vacuums, photoionization detector (PID) readings, and other relevant operating data 
(Appendix A). Immediately upon completion of the step test, an approximately 2.5-month 
extended test began, during which the SVE system was initially operated continuously using the 
deep screens in both extraction wells. System operation data were collected on a weekly basis 
and laboratory samples from the extraction stream were periodically collected (Appendix A). 

During the extended test, significant amounts of MTBE-impacted groundwater were fortuitously 
entrained into the vapor stream. As a result, an external 1,000-gallon collection tank and transfer 
pump were added to the SVE system to accommodate the entrained groundwater.  

After approximately 7 weeks, the extraction configuration was changed to extract vapors from 
the shallow screens of the two extraction wells. Extraction was continued in the shallow screen 
configuration for approximately 2.5 weeks.  

Based on the results of the 2.5-month SVE pilot test (for more details see Appendix A), the 
following conclusions were made: 

• MTBE was the primary contaminant detected in the extracted vapor stream along 
with trace amounts of BTEX. 

• The calculated radii of influence for the two extraction wells were 91 and 97 feet. The 
two extraction wells encompassed the extent of the MTBE-affected soils. 
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• An estimated 99 percent of the MTBE initially present in the vadose zone was 
removed from the subsurface during the long-term test. 

• Rebound testing in the shallow vapor extraction wells showed no detections of MTBE 
or BTEX in the extracted vapor after approximately 5 weeks of system shutdown. 
Rebound testing in the deep extraction wells showed some increase in MTBE 
concentrations; however, over a short period of time the MTBE rapidly dissipated 
(Appendix A). This indicated that the majority of MTBE in the vadose zone was 
removed during the long-term test and that there is a relatively small amount of 
residual MTBE left in the vadose zone. The residual MTBE is likely contained in the 
thin silt-rich layer located approximately 40 feet bgs beneath the tank cavity. 

Overall, results of the long-term SVE test indicated that the MTBE in the vadose zone beneath 
the tank cavity was removed to the extent practicable, and it was concluded there was a 
diminishing benefit relative to the resources required to continue operating the SVE system 
(Appendix A). 

2.7 BIOMARKER SAMPLING 

To obtain additional evidence that biodegradation is actively occurring at the site, in February 
2004 groundwater samples and “biomarker trap” samples were collected from wells MW2 
(upgradient) and MW4 (located adjacent to the tank cavity) for analyses by Microbial Insights, 
located in Rockford, Tennessee, for the presence of active microbes. Biomarker analyses are 
used to directly assess the actual biochemistry of microbes present at a site. Specifically, 
phospholipid fatty acids (PLFA) were analyzed, which are contained within the cell wall of 
microbes and reflect the microbes interaction with the environment. The “biomarker traps” used 
to collect the in situ microbes were composed of sterilized Teflon® tubing packed with high-
surface area Nomex® beads. The beads served as a growth surface for actively colonizing 
microbes in the aquifer. The traps were placed at the middle of the water column in both wells 
for approximately 1 month, then were placed immediately on ice in a cooler and shipped 
overnight, under chain-of-custody protocol, to Microbial Insights for analysis. A copy of the 
analytical data report is presented as Appendix B.  

Results of the PLFA analyses indicated that viable biomass is present at the site. The viable 
biomass was present at approximately 105 cells per milliliter in all four samples (including both 
groundwater samples and both biomarker traps) (see Appendix B for details). Results showed the 
microbial communities were primarily comprised of Gram Negative Proteobacteria, which are 
important at contaminated sites due to their ability to use a wide range of carbon sources and 
adapt to changing environmental conditions. Results also indicated that the microbes in the 
samples from MW4 (located next to the tank cavity) were more active (less starved) than the 
microbes in the samples from MW2 (located upgradient). Overall, the results of the biomarker 
sampling indicated that microbes are present in the aquifer soils capable of degrading site 
contamination.  

040165 CAP Rev 0.doc 2-6 Final Corrective Action Plan with  
Soil Vapor Extraction Pilot Test Results 

UST Site 210620, MCB Camp Pendleton 
DCN: FWSD-RAC-04-0165 

CTO No. 0063, Revision 0, 06/18/04 



 

2.8 VERIFICATION SOIL SAMPLING 

In April 2004, after results from the long-term SVE pilot test indicated that MTBE and other 
volatile organic vapors had been satisfactorily removed to the extent practicable from the 
subsurface, two soil verification borings were drilled and sampled. Soil borings VSB1 and VSB2 
were drilled to 50 feet bgs and sampled every 5 feet from 10 feet bgs to total depth. The boring 
logs are included as Appendix C, and the locations of the borings are shown on Figure 2-6. All of 
the soil samples were analyzed for TPH-g by U.S. Environmental Protection Agency (EPA) 
Method 8015B, and VOCs (including BTEX, MTBE, and other fuel oxygenates) by EPA 
Method 8260B. TPH-g was not detected in any of the soil samples. MTBE was detected at 70 
μg/kg from 40 feet bgs in VSB2 (at the top of the thin silt-rich layer beneath the tank cavity, see 
Figure 3-1), and at 8.9 μg/kg from the capillary fringe at 50 feet bgs in VSB1 (likely related to 
impacted groundwater). Benzene and toluene were both detected at the trace level of 1.1 μg/kg 
from 20 feet bgs in VSB2. Methyl ethyl ketone was reported at a trace level of 11 μg/kg from 15 
feet bgs in VSB2, and 4-methyl-2-pentanone was reported at a trace level of 2.4 μg/kg from 50 
feet bgs in VSB1. The results of the confirmation sampling are summarized on Table 2-4, and 
the laboratory analytical reports are included as Appendix C.  

The sample with the highest level of contamination from each boring (from 50 feet bgs in VSB1, 
and from 40 feet bgs in VSB2) (see Table 2-4) was also analyzed for Synthetic Precipitation 
Leaching Procedure (SPLP)/VOCs. No leachable VOCs, including MTBE, were detected in 
either sample.  
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3.0 ASSESSMENT OF IMPACTS 

This section presents information regarding the nature and extent of contamination, site geology 
and hydrogeology, and an evaluation of potential impacts to nearby resources. 

3.1 NATURE AND EXTENT OF CONTAMINATION 

Data from previous investigations conducted at UST Site 210620 indicate that both soil and 
groundwater are impacted primarily by MTBE, as summarized in the following sections. 

3.1.1 Soil  

During tank replacement activities completed in 1997, the tank cavity was over-excavated to 
approximately 15 feet bgs and sampled. Soil samples were collected from the floor of the 
excavation between 14.5 and 15.5 feet bgs, from the sidewalls, and beneath former pipeline 
connections to determine whether subsurface soil had been impacted. TPH-g was reported at the 
northwest half of the bottom of the excavation at levels up to 420 mg/kg. BTEX was not detected 
and MTBE was not analyzed. 

During an initial site assessment completed in 1998, 21 soil borings were drilled and sampled 
and TPH-g and BTEX were not detected in any of the samples. MTBE was analyzed in samples 
collected from just above the groundwater table in each boring and was detected in samples 
collected up to approximately 150 feet from the tank cavity. The highest reported concentration 
of MTBE in soil during the site investigation was 4,970 μg/kg. 

To further evaluate site soils, soil samples were collected from the vadose zone during the 
drilling of well MW4, which is located adjacent to the tank cavity, in 2000 and in 2003 during 
the installation of the vapor extraction wells required for the SVE pilot test. Soil samples from 
MW4 indicated that TPH-g, MTBE, TBA, and total lead were present up to a maximum of 
280 μg/kg, 3,800 μg/kg, 1,300 μg/kg, and 6.0 mg/kg, respectively, at 40.5 feet bgs at the top of 
the thin silt-rich layer. Results of soil samples collected during installation of the vapor 
extraction wells indicated that MTBE, TBA, and TAME were present at 42 feet bgs, again in the 
thin silt-rich layer, at a maximum of 3,200 μg/kg, 510 μg/kg, and 5.7 μg/kg, respectively. 

Based on historical soil sample results, the primary site contaminant, MTBE, is present primarily 
in the silt-rich layer located between approximately 40 and 45 feet bgs beneath the tank cavity. 
Soil investigation data suggest that contamination did not spread very far laterally from the tank 
cavity, likely due to the overall loose, sandy nature of site soils. The lateral extent of MTBE 
detected in samples collected in the capillary fringe immediately above the groundwater table 
appears to be the result of MTBE that migrated vertically into the groundwater, then migrated 
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horizontally with the groundwater, and later impacted soils at the water table during groundwater 
elevation fluctuations.  

In April 2004, after results from the long-term SVE pilot test indicated that MTBE and other 
volatile organic vapors had been successfully removed to the extent practicable from the 
subsurface, two soil verification borings were drilled and sampled every 5 feet between 10 feet and 
50 feet bgs. TPH-g was not detected in any of the soil samples, and MTBE was only detected in 
two samples. MTBE was detected at 70 μg/kg at 40 feet bgs in one boring (at the top of the thin 
silt-rich layer beneath the tank cavity, see Figure 3-1), and at 8.9 μg/kg at the capillary fringe at 
50 feet bgs in the other boring (likely related to impacted groundwater). Results from the SVE test 
indicated that during the test, an estimated 99 percent of the MTBE in the vadose zone was 
removed. Prior to beginning the long-term SVE test, the highest MTBE concentration beneath the 
tank cavity was 3,800 μg/kg, also from 40 feet bgs (at top of the thin silt-rich layer) in the boring 
drilled for MW4. As indicated above, the highest MTBE concentration in soil after the long term 
SVE test was 70 μg/kg (from 40 feet bgs), which was collected just a few feet from MW4, 
indicating that some residual MTBE remains in the silt-rich layer beneath the tank cavity. 
However, SPLP analyses suggested the 70 μg/kg MTBE does not have the potential to leach into 
groundwater.  

As indicated from historical soil sample results, TPH-g and BTEX are notably absent, or are 
present at very low to trace levels. Results of natural attenuation parameter monitoring in 
groundwater provide evidence of subsurface biological activity (Section 2.5). This is further 
supported by the absence of TPH-g and BTEX at the site, which are readily subject to aerobic 
biodegradation and are easily degraded in loose sandy soils such as those present at the site. It is 
well-known that MTBE is also subject to aerobic biodegradation; however, rates will generally 
not be significant in the presence of TPH-g or BTEX, which are energetically favorable and are 
thus preferentially degraded. The current presence of MTBE at this site can therefore be 
explained by its recalcitrance to biodegredation relative to TPH-g and BTEX. However, TPH-g 
and BTEX levels are now non-detect to very low, and MTBE-oxidizing organisms have been 
shown to be present in soil/groundwater samples from the site (Sections 2.4 and 2.7). Overall, 
the absence of TPH-g and BTEX and the presence of MTBE degraders supports the presence of 
a strong biological component at this site.  

3.1.2 Groundwater Contamination 

Groundwater samples collected at the site during the most recent groundwater event completed 
in January 2004 detected MTBE at a maximum of 1,500 μg/L in MW10, located approximately 
180 feet downgradient from the tank cavity (Figure 2-4). MTBE was detected at 130 μg/L in the 
well located immediately adjacent to the tank cavity (MW4) and at 160 μg/L in MW6, which is 
located between MW4 and MW10. Monitoring wells MW5 and MW9 were installed deeper than 
the other wells at the site, with screened intervals beginning between 25 and 30 feet below the 
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water table, to evaluate the possible vertical migration of MTBE. MTBE was detected in deep 
well MW9 at 0.58 μg/L, which is located adjacent to well MW10 that contained the highest level 
of MTBE, and was detected in deep well MW5 located adjacent to the tank cavity at a similarly 
low level of 0.44 μg/L. Both detections were at trace amounts indicating that MTBE is not 
migrating vertically to any real extent in groundwater at the site.  

Low levels of the other fuel oxygenates, including TAME, TBA, and ETBE, were also detected 
in well MW10, at concentrations of 3.5 μg/L, 12 μg/L and 0.13 μg/L, respectively. Other fuel 
oxygenates were not detected in any other well, and lead was not detected in any of the wells. 

Similar to site soils, MTBE is the primary contaminant in groundwater, and TPH-g and BTEX 
are notably absent. For the reasons explained above (Section 3.1.1), along with decreasing 
MTBE levels in groundwater, the evidence suggests an important biological component in the 
groundwater at the site. 

In an effort to evaluate if MTBE could potentially reach the Camp Pendleton Boat Basin, modeling 
was completed using the EPA’s BIOSCREEN Natural Attenuation Decision Support System 
model. BIOSCREEN is an analytical model that simulates remediation through natural 
attenuation of dissolved hydrocarbons at petroleum fuel release sites. Since there is not an Ocean 
Plan WQO for MTBE, the drinking water WQO for MTBE (13 ug/L) was conservatively used 
during modeling.  Details of the model, the input parameters used, and final results are included 
as Appendix D. The most current maximum groundwater concentration for MTBE at the site 
(1.5 mg/L, January 2004) was used as the starting concentration input for the model. In addition, 
site-specific results for hydraulic gradient, and other parameters used to evaluate natural 
attenuation [dissolved oxygen (DO), nitrate, sulfate, and so forth] were used in the model. 

Modeling solute transport with biodegradation as a first-order decay process, results indicated 
that MTBE would attenuate to 13 ug/L (the drinking water WQO) between the source area and 
approximately 600 feet downgradient of the source during the next 40 years.  The results indicate 
that MTBE will attenuate to very low levels (in a non-beneficial use aquifer) well before it reaches 
the Camp Pendleton Boat Basin, located approximately 2,000 feet downgradient from the site.  

3.2 GEOLOGY AND HYDROGEOLOGY 

The site lies to the west of the coastal San Onofre Mountains, which are occupied by relatively 
small nearshore exposures of the successively overlying Upper Miocene Monterey Formation, 
Lower Pliocene Capistrano Formation, and assorted Pleistocene Terrace Deposits. Sediments in 
the vicinity of the site are reported to be Pleistocene Age. 

The geology at the site has been mapped as Quaternary Older Alluvium (Brown and Caldwell, 
1999). The alluvium typically consists of gravel, sand, and silt. The native lithology encountered 
during site investigations primarily consisted of poorly graded and well graded sand, silty sand, 
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and a relatively thin layer of silt between approximately 40 and 45 feet bgs. Site lithologies are 
shown on a cross section included as Figure 3-1. 

The site is relatively flat and covered either with asphalt, concrete, or natural vegetation. The site 
is situated approximately 2,000 feet northeast of the MCB Camp Pendleton Boat Basin.  

According to the Water Quality Control Plan for the San Diego Basin (RWQCB, 1994), the site is 
in the Lower Ysidora Hydrologic Subarea (902.11) of the Ysidora Hydrologic Area (902.10) of 
the Santa Margarita Hydrologic Unit. Groundwater in this hydrologic unit has designated 
municipal use. However, groundwater west of Interstate Highway 5 is considered not to have any 
designated beneficial uses. There are no water supply wells located within 5 miles of the site.  

The depth to groundwater beneath the site is approximately 50 feet bgs, and the groundwater 
gradient is generally toward the northwest at approximately 0.004 feet per foot.  

3.3 EVALUATION OF POTENTIAL IMPACTS TO NEARBY RESOURCES 

Groundwater at MCB Camp Pendleton has designated municipal/domestic use; however, MCB 
Camp Pendleton is located outside of the San Diego County Water Authority service area and 
therefore, cannot be considered a low risk groundwater area as defined by the RWQCB, San 
Diego Region, in its Memorandum titled Regional Board Supplemental Instructions to State 
Water Board December 8, 1995, Interim Guidance on Required Cleanup at Low-Risk Fuel 
Contaminated Sites (RWQCB, 1996). However, to assess the potential impacts contamination at 
Site 210620 may have on nearby resources, the site will be evaluated with the criteria the 
RWQCB uses to determine whether or not a site can be considered a low-risk groundwater site. 
This criteria is being used for evaluation purposes only since other criteria are not available. The 
RWQCB criteria (RWQCB, 1996) are presented below, along with applicable information from 
the site. 

1. Groundwater has been impacted, the leak has been stopped, and ongoing sources, 
including free product, have been removed or remediated to the extent practicable. 

• The USTs and associated piping that leaked were replaced in 1997. Subsequent site 
investigations indicated that MTBE-impacted soils were present beneath the tank 
cavity.  

• An approximately 3-month-long SVE pilot test removed an estimated 99 percent of 
the MTBE in the vadose zone beneath the tank cavity. The test used two extraction 
wells that had estimated radii of influence of 91 and 97 feet, which encompassed the 
area of MTBE contamination. Before the SVE pilot test, MTBE concentrations in soil 
were the highest in a thin silt-rich layer at 40 to 45 feet bgs. MTBE was present in the 
silt-rich layer up to 3,800 μg/kg before the test and present in the thin silt-rich layer at 
70 μg/kg after the test. SPLP analyses indicated that the 70 μg/kg of MTBE does not 
have the potential to leach. 
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• Free product has never been encountered at the site. 

2. The site has been adequately characterized. 

• A site assessment was completed in 1998 (Brown and Caldwell, 1999) during which, 
21 borings were drilled and sampled up to 55 feet bgs. Groundwater samples were 
collected from each boring, and three of the borings were later converted to 
permanent groundwater monitoring wells.  

• Additional site characterization activities were completed in 2000 (FWENC, 2001) 
that included the installation of seven new groundwater monitoring wells, including 
two wells installed deeper than the other wells to evaluate the vertical extent of 
MTBE. In addition, soil samples were collected from the vadose zone adjacent to the 
tank cavity.  

• In 2002, one of the existing groundwater monitoring wells (MW3) was abandoned 
and two additional monitoring wells were installed (MW11 and MW12) (FWENC, 
2002). Well MW3 was abandoned because the well casing had become compromised 
with tree roots. One new well was installed near former well MW3, and the other new 
well was installed downgradient of the MTBE plume. 

•  In 2003, another new well, MW13, was installed to the west of the tank cavity to 
further evaluate the extent of groundwater contamination (FWENC, 2003a). 

• Routine groundwater monitoring has been conducted at the site since early 2001. 
Quarterly groundwater sampling was completed in 2001, followed by semiannual 
sampling through the most recent sampling event completed in January 2004. 

• After a long-term SVE pilot test, two verification soil borings were drilled and 
sampled every 5 feet down to 50 feet bgs. 

• Based on the above listed activities, it is believed that soil and groundwater 
contamination has been adequately characterized. 

3. The site is located in a basin without designated municipal/domestic beneficial use. 

• Groundwater beneath the site is located in the Lower Ysidora Hydrologic Subarea 
(902.11) of the Ysidora Hydrologic Area (902.10) of the Santa Margarita Hydrologic 
Unit. However, groundwater west of Interstate Highway 5 is considered not to have any 
beneficial uses. 

4. The site is located in a basin with municipal/domestic beneficial use (outside a sensitive 
aquifer boundary). 

• Not applicable (see Criterion 3). 

5. The dissolved hydrocarbon plume is not migrating. 

• Results of routine groundwater monitoring completed at the site since 2001 indicate 
that the levels of MTBE in groundwater have significantly decreased with time in all 
but one well. During the monitoring period MTBE decreased from 2,900 to 130 μg/L 
in well MW4 (adjacent to the tank cavity), from 4,100 to 160 μg/L in well MW6, and 
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from 9,000 to 1,500 μg/L in well MW10. However, the MTBE concentration in well 
MW12 increased from 7.6 to 35 μg/L between April 2003 and January 2004.  

6. No water wells, deeper drinking water aquifers, surface water, or sensitive receptors are 
likely to be impacted. 

• The nearest municipal groundwater supply well is located in the Santa Margarita 
Groundwater Basin approximately 5 miles upgradient of the site. There is also no 
agricultural or construction-related wells within 1 mile of the site.  

• The nearest surface water body is the Pacific Ocean in the Camp Pendleton Boat 
Basin, located approximately 2,000 feet west of the site. Because of the relatively 
long distance to the Camp Pendleton Boat Basin and the low hydraulic gradient 
beneath the site (approximately 0.004 feet per foot), and the evidence that biological 
degradation of MTBE is occurring, it is believed that groundwater beneath the site 
will not impact the Boat Basin. Modeling solute transport with BIOSCREEN 
indicated that MTBE would attenuate to 13 ug/L (the drinking water WQO) during 
the next 40 years and migrate only approximately 600 feet downgradient of the 
source, which is well before it reaches the Camp Pendleton Boat Basin. Groundwater 
monitoring since 2001 has shown that the plume is stable overall, and natural 
attenuation has reduced contaminant levels significantly. It is expected that conditions 
will not change and contaminant levels will continue to be reduced.  

• Based on the Marine Corps Base Camp Pendleton Environmental Operations Map 
(MCB Camp Pendleton, 2001), the nearest potentially sensitive receptors are located 
approximately 1,000 feet to the northeast of the site (California gnatcatcher buffer), 
and approximately 1,500 feet to the south of the site (vernal pool complex and rare 
plant area) and, therefore, due to the distance to these areas, they are not expected to 
be impacted by the site. 

7. The site presents no significant risk to human health. 

• After completing the long-term SVE pilot test at the site, an estimated 99 percent of 
the MTBE in the vadose zone beneath the tank cavity was removed. Based on 
verification soil sampling completed after the SVE test, residual MTBE 
concentrations in the vadose zone were detected at a maximum of 70 μg/kg. This 
remaining residual soil contamination is located 40 feet bgs beneath, asphalt and 
concrete-pavement. It is considered extremely unlikely for humans to be exposed to 
this soil. 

• The only potential for human exposure to impacted groundwater is if impacted 
groundwater migrated into the nearby Camp Pendleton Boat Basin. However, the 
potential for exposure through groundwater is not anticipated due to the relatively low 
hydraulic gradient at the site, the evidence that natural attenuation mechanisms are 
actively reducing contaminant concentrations, the overall stable nature of the 
contaminant plume, and the relatively long distance to the Camp Pendleton Boat 
Basin (approximately 2,000 feet).  Modeling solute transport with BIOSCREEN 
indicated that MTBE would attenuate to 13 μg/L (the drinking water WQO) within 
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approximately 600 feet downgradient of the source, which is well before it reaches the 
Camp Pendleton Boat Basin. 

8. The site presents no significant risk to the environment. 

• The site is located over 1,000 feet from the nearest ecological receptor (California 
gnatcatcher buffer), and approximately 2,000 feet from the Pacific Ocean. Due to the 
relatively significant distance to these potential environmental receptors, it is believed 
that they are not at risk from the site. 

In summary, the contaminant source (leaking USTs) has been replaced, impacted soils have been 
remediated via SVE to the extent practical, the concentrations of MTBE in groundwater have 
decreased significantly during the past 3-plus years (and are expected to continue to decrease), 
and nearby sensitive receptors are not expected to be adversely impacted. 
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4.0 ASSESSMENT OF CLEANUP REQUIREMENTS 

Remediation of UST Site 210620 is monitored by the RWQCB, San Diego Region, which has 
final review and signature authority for closure. The San Diego County Site Assessment and 
Mitigation Manual 2004 (DEH, 2004) provides a framework for investigating and remediating 
releases of petroleum products; however, cleanup goals are specified in other regulations and 
guidance. Applicable regulations and guidance for UST sites come from state and federal codes, 
various resolutions, and guidance documents.  

4.1 APPLICABLE CLEANUP LEVELS 

Proposed cleanup levels for UST sites are typically related to the RWQCB Basin Plan (RWQCB, 
1994). The Basin Plan provides cleanup standards [WQOs or Maximum Contaminant Levels 
(MCLs)] for groundwater hydrologic units based on beneficial-use designations. A hydrologic 
unit may be designated for one or more of 23 beneficial uses, such as municipal and domestic 
supply, agricultural supply, and so forth. The cleanup standards for a hydrologic unit must be 
protective of the most sensitive beneficial-use designated for that water body.  

However, UST Site 210620 is located west of Interstate Highway 5, and groundwater west of 
Interstate Highway 5 is generally not considered to have any beneficial uses. Therefore, drinking 
water WQOs or MCLs are not applicable to the site. However, the RWQCB has issued interim 
cleanup goals for groundwater within 1,000 feet of a marine surface water body that will be 
applied to the site (RWQCB, 1996). These interim cleanup goals for groundwater are primarily 
based on recommended water quality criteria established by the EPA to protect human health and 
aquatic life (EPA, 1986; 2002). Cleanup goals for soils are established so that impacted soil 
cannot have the potential to leach contaminants into groundwater at levels above the interim 
groundwater cleanup goals established by the RWQCB. The cleanup goals established for 
gasoline constituents are summarized in Table 4-1. 

4.2 CORRECTIVE ACTION 

In addition to regulatory requirements on cleanup levels, California regulations specify 
corrective action requirements for restoring sites to appropriate cleanup levels. In particular, 
California State Water Resources Control Board (CSWRCB) Resolution No. 92-49 (as amended 
on April 21, 1994, and October 2, 1996) provides policies and procedures for corrective action of 
unauthorized discharges under Water Code Section 13304. This resolution directs that water 
affected by an unauthorized release attain either background water quality or the best water 
quality that is reasonable if background water quality cannot be restored; however, it does not 
require that the requisite level of water quality be met at the time of site closure. Also, according 
to Resolution 92-49, site cleanup must be “consistent with the maximum benefit to the people of 
state” considering “all demands being made and to be made on those waters and the total values 
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involved, beneficial and detrimental, economic and social, tangible and intangible.” Therefore, 
corrective action should be reasonable and cost effective with respect to the site-specific 
conditions. 

In addition, recognizing the need for cost-effective corrective action, the RWQCB established 
interim guidance on the identification of low-risk sites (RWQCB, 1996). Even though UST Site 
210620 is located outside of the San Diego County Water Authority service area and therefore, 
may not formally be considered a low-risk groundwater site (RWQCB, 1996), the RWQCB 
criteria that must be met for a site to satisfy designation as a low-risk groundwater site were used 
for evaluation purposes. An evaluation of UST Site 210620 (Section 3.3) suggested that it could 
meet the requirements to be considered a low-risk groundwater site (the source has been 
removed to the extent practicable, natural attenuation has been shown to be occurring at the site, 
and sensitive receptors are not expected to be impacted).  If a site is designated a low-risk 
groundwater site, the RWQCB guidance promotes remediation by natural processes. The 
guidance does not recommend active remediation except where groundwater within an impacted 
aquifer is likely to be used before natural processes are projected to complete cleanup, sensitive 
receptors have been identified and are anticipated to be adversely impacted, or the plume is 
migrating significantly. 

In Section 5.0, remedial alternatives for UST Site 210620 are identified and evaluated in terms of 
effectiveness, implementability, and cost. Based on current conditions at the site (see 
Section 3.3), remediation by natural processes will be the standard by which other remedial 
options are compared. 
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5.0 IDENTIFICATION AND  
EVALUATION OF REMEDIAL ALTERNATIVES 

This section presents the screening and evaluation process for identifying appropriate remedial 
alternatives for UST Site 210620. Remedial alternatives screened and evaluated in this CAP are 
directed at both soil and groundwater. A range of remedial technologies are identified and 
screened in Section 5.1 in order to select technologies that are expected to be effective, 
implementable, and cost-effective based on site-specific conditions. Technologies that are not 
appropriate for the site are eliminated early to streamline the technology evaluation process.  

5.1 REMEDIAL TECHNOLOGY SCREENING 

The RWQCB requires that a minimum of two corrective action strategies be evaluated for sites 
in areas that have designated beneficial uses for groundwater or surface water. To identify the 
two most appropriate potential technologies, a variety of remedial options were initially 
screened. A summary of the screening process is included in Table 5-1 (soil) and Table 5-2 
(groundwater). The purpose of this screening was to identify and eliminate from further 
consideration remedial technologies that, because of site-specific conditions or costs, are not the 
most feasible and/or practical. Based on the screening (see Tables 5-1 and 5-2), the remedial 
action technologies determined to be the most practical for both soil and groundwater at UST 
Site 210620 are as follows: 

• Alternative 1: No Further Action for Soils and Groundwater 

• Alternative 2: Remediation by Natural Attenuation (RNA) for Soil and Groundwater 

The following sections describe each above identified alternatives and include evaluations of 
effectiveness, implementability, and cost. The evaluation of effectiveness includes consideration of 
overall protection of human health and the environment and both the long-term and short-term 
effectiveness of each alternative. Evaluation of the implementability of each alternative includes 
consideration of the technical and administrative feasibility. The cost evaluation of each alternative 
is based upon estimates for capital costs and, if applicable, long-term monitoring costs. RWQCB 
acceptance of the CAP requires that the responsible party address the RWQCB’s comments and 
concerns for each alternative. The RWQCB’s acceptance may also not be completed until the 
public has had a chance to comment on the CAP and the comments have been incorporated. 

5.2 ALTERNATIVE 1: NO FURTHER ACTION FOR SOILS AND 
GROUNDWATER 

Under the No Further Action alternative, no additional soil or groundwater remediation is 
proposed for the site. The soil and groundwater would be left in place, as is. It is, however, 
presumed that the levels of MTBE and other contaminants currently present in soil and 
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groundwater would continue to be remediated via natural biological processes. It is implicit in 
this alternative that, based on the fact that the primary contaminant of interest at the site is 
MTBE, which is biodegradable, the expense associated with active remediation would be an 
unnecessary use of public resources. The No Further Action alternative would, therefore, warrant 
site closure under existing conditions. 

5.2.1 Effectiveness 

The No Further Action alternative for soil and groundwater would be effective in providing 
protection of human health and the environment in consideration of the following: 

• The original source of contamination, the leaking USTs and associated piping, has 
been replaced. 

• A long-term SVE pilot test completed at the site removed an estimated 99 percent of 
the MTBE in the vadose zone beneath the tank cavity.  

• Soil sampling completed in 2000 detected a maximum concentration of 3,800 μg/kg 
MTBE at 40 feet bgs at the top of a silt-rich layer beneath the tank cavity. 
Verification soil sampling completed in 2004 after the SVE pilot test reported a 
maximum concentration of 70 μg/kg MTBE at 40 feet bgs at the top of the same silt-
rich layer beneath the tank cavity. Pilot test results indicated that MTBE in the vadose 
zone beneath the tank cavity was removed to the extent practicable, and there was 
diminishing benefit relative to resources required to continue operating the SVE 
system.  

• SPLP analyses completed on the most impacted verification soil samples collected in 
April 2004 indicated that residual MTBE (70 μg/kg) does not have the potential to 
leach into groundwater, suggesting that the potential for soil to impact groundwater 
has been removed. 

• Results from routine groundwater monitoring that began in 2001 indicate that the 
concentrations of MTBE (and other contaminants) have significantly decreased in all 
but one well. MTBE decreased from 2,900 to 130 μg/L in well MW4 (adjacent to the 
tank cavity), from 4,100 to 160 μg/L in well MW6, and from 9,000 to 1,500 μg/L in 
well MW10. However, MTBE in well MW12 increased from 7.6 to 35 μg/L.  It is 
believed that this increase is due to local groundwater migration and not to a 
continuing source of MTBE. 

• Aquifer soil samples from the site were shown to contain biomass specifically 
capable of degrading MTBE (Section 2.4). In addition, Biomarker trap and 
groundwater samples were also shown to contain viable biomass (approximately 105 
cells per milliliter) capable of degrading site contamination (Section 2.7). This data 
indicates that natural attenuation is a viable mechanism for the continued reduction of 
groundwater contaminant levels. 

• During routine groundwater monitoring, data showed a depletion of DO and nitrate, 
decreased ORP, and the presence of iron (II) in samples from wells where MTBE was 
present relative to samples from wells where it was absent, again suggesting that 
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biological oxidation of groundwater contamination was occurring. Biodegradative 
processes are believed to have contributed significantly to contaminant attenuation in 
groundwater, and it is believed that the biodegradative processes will continue to 
occur in the future.  

• Modeling solute transport in groundwater with BIOSCREEN software indicated that 
the current maximum concentration of MTBE in groundwater (1,500 μg/L) would 
attenuate to 13 μg/L (the drinking water WQO) within approximately 600 feet 
downgradient of the source, which is well before it reaches the Camp Pendleton Boat 
Basin located approximately 2,000 feet downgradient. 

• Based on the distance to the nearest municipal supply well (greater than 5 miles 
upgradient), the distance to the nearest surface water body (2,000 feet to the west), 
and the distance to the nearest sensitive ecological receptor (1,000 feet to California 
gnatcatcher buffer), the likelihood of residual contamination at the site impacting 
human or sensitive ecological receptors is considered extremely small to nonexistent. 

Considering current site conditions, the No Further Action alternative for soil and groundwater is 
considered an effective alternative that is protective of human health and the environment.  

5.2.2 Implementability 

The No Further Action alternative for soils and groundwater is very easy to implement as no 
additional remedial activities would be conducted. The groundwater monitoring wells at the site 
would be properly destroyed after site closure is approved. 

5.2.3 Cost 

The only costs associated with the No Further Action alternative would be to properly destroy and 
document the destruction of the existing groundwater monitoring wells. The estimated cost for the 
No Further Action alternative is $26,350. A summary of estimated costs is summarized below. 

Task Estimated Cost 

Well destruction permit (twelve wells) $1,375 

Drilling subcontractor ($1,025 x 12 wells) $12,300 

Labor for subcontractor coordination and oversight $5,800 

Transport and dispose of well abandonment debris 
and soil cuttings $4,375 

Well destruction documentation  $2,500 

Total Estimated Cost: $26,350 
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5.3 ALTERNATIVE 2: REMEDIATION BY NATURAL ATTENUATION FOR SOIL 
AND GROUNDWATER 

Alternative 2 relies on natural attenuation mechanisms for the remediation of residual impacted 
soil and groundwater. For this alternative, it is proposed that remediation by natural attenuation 
would require periodic groundwater monitoring to verify that groundwater contaminant 
concentrations are decreasing and the low volume of residual contaminated soil is not impacting 
groundwater. RNA is generally defined as a process by which contaminants are degraded or 
reduced in concentration by various naturally occurring processes. Major RNA processes include 
biodegradation, dispersion, dilution, volatilization, and adsorption. Alternative 2 is expected to 
provide for permanent, long-term reduction of contaminants. 

5.3.1 Effectiveness 

Natural attenuation, especially aerobic biodegradation, has been shown to be effective at similar 
sites containing petroleum hydrocarbons. Aerobic biodegradation of petroleum hydrocarbons 
consumes oxygen, which is replenished by diffusion back into the system. At UST Site 210620, 
significant contaminant migration is not occurring and is not expected to occur in the future due 
to the presence of a low hydraulic gradient.  

RNA is expected to effectively provide for protection of human health and the environment for 
the same reasons as described above for Alternative 1, No Further Action. Those reasons are re-
iterated here: 

• The original source of contamination, the leaking USTs and associated piping, has 
been replaced. 

• A long-term SVE pilot test completed at the site removed an estimated 99 percent of 
the MTBE in the vadose zone beneath the tank cavity.  

• Soil sampling completed in 2000 detected a maximum concentration of 3,800 μg/kg 
MTBE at 40 feet bgs at the top of a silt-rich layer beneath the tank cavity. 
Verification soil sampling completed in 2004 after the SVE pilot test reported a 
maximum concentration of 70 μg/kg MTBE at 40 feet bgs at the top of the same silt-
rich layer beneath the tank cavity. Pilot test results indicated that MTBE in the vadose 
zone beneath the tank cavity was removed to the extent practicable, and there was 
diminishing benefit relative to resources required to continue operating the SVE 
system. 

• SPLP analyses completed on the most impacted verification soil samples collected in 
April 2004 indicated that residual MTBE (70 μg/kg) does not have the potential to 
leach into groundwater, suggesting that the potential for soil to impact groundwater 
has been removed. 

• Results from routine groundwater monitoring that began in 2001 indicate that the 
concentrations of MTBE (and other contaminants) have significantly decreased in all 
but one well. MTBE decreased from 2,900 to 130 μg/L in well MW4 (adjacent to the 
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tank cavity), from 4,100 to 160 μg/L in well MW6, and from 9,000 to 1,500 μg/L in 
well MW10. However, MTBE in well MW12 increased from 7.6 to 35 μg/L.  It is 
believed that this increase is due to local groundwater migration and not to a 
continuing source of MTBE. 

• Aquifer soil samples from the site were shown to contain biomass specifically 
capable of degrading MTBE (Section 2.4). In addition, biomarker trap and 
groundwater samples were also shown to contain viable biomass (approximately 105 
cells per milliliter) capable of degrading site contamination (Section 2.7). This data 
indicates that natural attenuation is a viable mechanism for the continued reduction of 
groundwater contaminant levels. 

• During routine groundwater monitoring, data showed a depletion of DO and nitrate, 
decreased ORP, and the presence of iron (II) in samples from wells where MTBE was 
present relative to samples from wells where it was absent, again suggesting that 
biological oxidation of groundwater contamination was occurring. Biodegradative 
processes are believed to have contributed significantly to contaminant attenuation in 
groundwater, and it is believed that the biodegradative processes will continue to occur 
in the future.  

• Modeling solute transport in groundwater with BIOSCREEN software indicated that 
the current maximum concentration of MTBE in groundwater (1,500 μg/L) would 
attenuate to 13 μg/L (the drinking water WQO) within approximately 600 feet 
downgradient of the source, which is well before it reaches the Camp Pendleton Boat 
Basin located approximately 2,000 feet downgradient. 

• Based on the distance to the nearest municipal supply well (greater than 5 miles 
upgradient), the distance to the nearest surface water body (2,000 feet to the west), 
and the distance to the nearest sensitive ecological receptor (1,000 feet to California 
gnatcatcher buffer), the likelihood of residual contamination at the site impacting 
human or sensitive ecological receptors is considered extremely small to nonexistent. 

In consideration of these points, Alternative 2, RNA for soil and groundwater, is considered an 
effective remedial alternative for this site. 

5.3.2 Implementability 

RNA is moderately easy to implement, as no active remediation activities would be conducted. 
Implementation of RNA would consist of collecting groundwater samples over time, and 
groundwater sampling presents few problems. However, Alternative 2 is more costly to 
implement than Alternative 1 (No Further Action). 

5.3.3 Cost 

The following assumptions were made to develop a cost estimate for Alternative 2: 

Allowing for a conservative margin of error, this cost estimate assumes that 5 years of 
semiannual groundwater monitoring would be required to verify that contaminant concentrations 
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are not increasing in groundwater. Since the site is west of Interstate Highway 5, and a 
promulgated cleanup level for MTBE does not exist,  success will be measured by a shrinking 
plume and reduced MTBE concentrations. 

Additional fate and transport modeling will not be required to predict contaminant reduction 
and/or migration, nor will a contingency plan be required to address the possibility that 
contaminant reduction will not occur because: 1) the contaminant plume is generally very stable, 
and 2) impacts to human or sensitive ecological receptors are not anticipated.  

The total estimated cost for Alternative 2 (including abandoning the existing groundwater 
monitoring wells after site closure) is approximately $183,450. A general breakdown of the 
estimated costs is included below. 

Task Estimated Cost 

Remedial Action Work Plan  
(draft and final versions) $9,000 

Semiannual groundwater sampling for 5 years (10 events x 2 persons x 
24 hours/event x $85/hour) $40,800 

Groundwater sample analysis for 10 events [12 samples TPH-g ($60) per 
event + 5 samples VOCs per event ($180) + 12 samples for natural 
attenuation parameters per event ($75)] 

$37,800 

Transport and dispose well purge water (10 events) $6,500 

Semiannual Groundwater Sampling Reports  
($5,500/report x 10 reports) $55,000 

Final Site Closure Report (draft and final versions) $8,000 

Well Destruction (see Section 5.2.3) $26,350 

Total Estimated Cost: $183,450 
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6.0 RECOMMENDATION 

Alternative 1, the No Further Action alternative for soils and groundwater, with site closure under 
existing conditions, is requested for UST Site 210620. This request is based on the following: 

• Source Removal. The USTs and associated piping responsible for the release were 
replaced in 1997. Historical sampling results indicate that the primary site 
contaminant is MTBE, with TPH-g and BTEX being notably absent, or are present in 
very low to trace levels. A long-term SVE pilot test removed an estimated 99 percent 
of the MTBE in the vadose zone beneath the tank cavity, and verification soil samples 
collected after the test reported a residual MTBE concentration of 70 μg/kg in the 
vadose zone in a thin silt-rich layer at approximately 40 to 45 feet bgs. Soil samples 
collected from this silt-rich layer before the SVE test began indicated that MTBE was 
present up to 3,800 μg/kg.  SPLP analyses of residual MTBE (70 μg/kg) indicated 
that the MTBE would not leach, suggesting that the future potential for soil to impact 
groundwater has been removed. 

• Extent of Contamination. Impacted soil at the site has been effectively remediated 
with SVE (see above bullet). Residual groundwater contamination primarily consists 
of MTBE and is located beneath and approximately 375 feet from the tank cavity. 
Results from routine groundwater monitoring since 2001 indicate that the 
concentrations of MTBE (and other contaminants) have significantly decreased in all 
but one well. MTBE decreased from 2,900 to 130 μg/L in well MW4 (adjacent to the 
tank cavity), from 4,100 to 160 μg/L in well MW6, and from 9,000 to 1,500 μg/L in 
well MW10. However, MTBE in well MW12 increased from 7.6 to 35 μg/L. This 
increase is believed to be related to local migration and not to a continuing source of 
MTBE. 

• Groundwater Plume Stability. Results of routine groundwater monitoring 
completed at the site since 2001 indicate that the plume is stable overall, and 
contaminant concentrations have been significantly reduced with time. Contaminants 
have not significantly migrated due to the relatively low hydraulic gradient at the site, 
and evidence that biodegradation is occurring. Aquifer soil samples were shown to 
contain biomass specifically capable of degrading MTBE (Section 2.4), and 
biomarker trap and groundwater samples were shown to contain biomass 
(approximately 105 cells per milliliter) also capable of degrading site contamination 
(Section 2.7). In addition, routine groundwater monitoring data showing a depletion 
of DO and nitrate, decreased ORP, and the presence of iron (II) in samples from wells 
where MTBE is present relative to samples from wells where it is absent, suggests 
that biological oxidation of groundwater contamination is occurring. Biodegradative 
processes are believed to have significantly contributed to the contaminant 
attenuation in groundwater, and it is believed that the biodegradative processes will 
continue to occur in the future.  

• Risk. The potential for humans or the environment to be impacted by, or exposed to, 
residual contamination at the site is considered extremely minimal to nonexistent. The 
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site is located over 1,000 feet from a California gnatcatcher buffer, vadose zone soils 
have been remediated to the extent practicable through SVE, and groundwater 
beneath the site does not have any beneficial uses. The only potential for exposure 
through groundwater is if impacted groundwater migrates approximately 2,000 feet to 
the Camp Pendleton Boat Basin, which is considered extremely unlikely due to the 
general stable nature of the plume and strong evidence that biodegradation is actively 
reducing contaminant levels. Modeling solute transport with BIOSCREEN indicated 
that MTBE would attenuate to 13 μg/L (the drinking water WQO) within 
approximately 600 feet downgradient of the source, which is well before it reaches the 
Camp Pendleton Boat Basin. 

• Cost. The cost of Alternative 2: Remediation by Natural Attenuation, with a 
conservatively estimated 5 years of semiannual groundwater monitoring, is relatively 
significant ($183,450) when compared to the cost for Alternative 1: No Further 
Action ($26,350). Such an expenditure on a site that poses no imminent risk to human 
health or the environment represents an unnecessary use of public resources. Perhaps 
equally or more importantly, such an expenditure would, in light of MCB Camp 
Pendleton’s limited budget for environmental remediation, result in decreased 
availability of funds for remediation of sites that pose risks to human health or the 
environment. 

• Time Frame. In an effort to evaluate if MTBE could potentially reach the Camp 
Pendleton Boat Basin, modeling was completed using the EPA’s BIOSCREEN 
Natural Attenuation Decision Support System model (Appendix D). During the 
modeling, the maximum groundwater concentration of MTBE detected during recent 
monitoring was used as the starting concentration input for the model (1.5 mg/L). 
Modeling results indicated that MTBE would attenuate to 13 μg/L (the drinking water 
WQO) between the source area and approximately 600 feet downgradient of the 
source during the next 40 years.  The results indicate that MTBE will attenuate to very 
low levels (in a non-beneficial-use aquifer) well before it reaches the Camp Pendleton 
Boat Basin, located approximately 2,000 feet downgradient from the site. 

In summary, the source has been remediated with SVE to the extent practicable, natural 
attenuation has been shown to be occurring at the site, sensitive receptors are not expected to be 
impacted, and groundwater does not have any beneficial uses. Therefore, closure with No 
Further Action for soils and groundwater is requested for UST Site 210620. If closure with No 
Further Action is approved, included as Appendix E for the RWQCB’s convenience is a draft 
Case Closure Summary Form with site-specific information incorporated. 
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TABLE 2-1

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 210620, MCB CAMP PENDLETON, CA

Page 1 of 3

Monitoring 
Well ID

Well Screen 
Interval

(feet btoc)

Reference Point
(toc) Elevation

(feet amsl)

Date 
Measured

Depth to 
Water 

(feet btoc)

Groundwater 
Elevation
(feet amsl)

17-Aug-98(1) 50.63 6.61
1-Feb-01 50.71 6.53

23-Apr-01 50.40 6.84
30-Jul-01 50.63 6.61
22-Oct-01 50.89 6.35
1-May-02 50.93 6.31
15-Oct-02 50.96 6.28
29-Apr-03 50.34 6.90
6-Oct-03 50.72 6.52
5-Jan-04 50.77 6.47

17-Aug-98(1) 52.10 8.00
1-Feb-01 52.51 7.59

23-Apr-01 52.19 7.91
30-Jul-01 52.19 7.91
22-Oct-01 52.41 7.69
1-May-02 52.54 7.56
15-Oct-02 52.57 7.53
29-Apr-03 52.13 7.97
6-Oct-03 52.13 7.97
5-Jan-04 52.30 7.80

17-Aug-98(1) 48.85 6.65
36923.00 well obstructed not calculated
23-Apr-01 48.68 6.82
30-Jul-01 well obstructed not calculated
22-Oct-01 well obstructed not calculated

well destroyed N/A N/A
1-Feb-01 51.40 6.76

23-Apr-01 51.06 7.10
30-Jul-01 51.22 6.94
22-Oct-01 51.23 6.65
1-May-02 51.44 6.44
15-Oct-02 51.40 6.48
29-Apr-03 50.83 7.05

(3) (3) (3)

5-Jan-04 51.05 6.83

MW3 45 - 60 55.50

MW4 45 - 60

57.88(2)

57.2445 - 60MW1

MW2 45 - 60 60.10

58.16
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TABLE 2-1

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 210620, MCB CAMP PENDLETON, CA

Page 2 of 3

Monitoring 
Well ID

Well Screen 
Interval

(feet btoc)

Reference Point
(toc) Elevation

(feet amsl)

Date 
Measured

Depth to 
Water 

(feet btoc)

Groundwater 
Elevation
(feet amsl)

1-Feb-01 51.53 6.52
23-Apr-01 51.24 6.81
30-Jul-01 51.37 6.68
22-Oct-01 51.35 6.57
1-May-02 51.55 6.37
15-Oct-02 51.57 6.35
29-Apr-03 50.96 6.96
6-Oct-03 51.17 6.75
5-Jan-04 51.37 6.55
1-Feb-01 51.31 6.74

23-Apr-01 51.04 7.01
30-Jul-01 51.12 6.93
22-Oct-01 not recorded not calculated
1-May-02 not recorded not calculated
15-Oct-02 50.78 7.27
29-Apr-03 50.91 7.14
6-Oct-03 51.08 6.97
5-Jan-04 51.20 6.85
1-Feb-01 48.60 6.67

23-Apr-01 48.32 6.95
30-Jul-01 48.44 6.83
22-Oct-01 48.68 6.59
1-May-02 48.81 6.46
15-Oct-02 48.42 6.85
29-Apr-03 48.21 7.06
6-Oct-03 48.48 6.79
5-Jan-04 48.57 6.70
1-Feb-01 46.30 6.59

23-Apr-01 46.04 6.85
30-Jul-01 46.22 6.67
22-Oct-01 46.48 6.41
1-May-02 46.57 6.32
15-Oct-02 46.60 6.29
29-Apr-03 45.94 6.95
6-Oct-03 46.29 6.60
5-Jan-04 46.35 6.54

75 - 80MW5 (deep)

MW6 45 - 60

58.05

57.92(2)

58.05

55.27

52.89

45 - 60MW7

45 - 60MW8

040165 Tbls.xls

Final Corrective Action Plan with
Soil Vapor Extraction Pilot Test Results

UST Site 210620, MCB Camp Pendleton
DCN: FWSD-RAC-04-0165

CTO No. 0063, Revision 0, 06/18/04



TABLE 2-1

SUMMARY OF WATER LEVEL ELEVATIONS 
UST SITE 210620, MCB CAMP PENDLETON, CA

Page 3 of 3

Monitoring 
Well ID

Well Screen 
Interval

(feet btoc)

Reference Point
(toc) Elevation

(feet amsl)

Date 
Measured

Depth to 
Water 

(feet btoc)

Groundwater 
Elevation
(feet amsl)

1-Feb-01 52.44 6.84
23-Apr-01 52.44 6.84
24-Jul-01 52.57 6.71
22-Oct-01 52.81 6.47
1-May-02 52.96 6.32
15-Oct-02 52.90 6.38
29-Apr-03 52.37 6.91
6-Oct-03 52.55 6.73
5-Jan-04 52.72 6.56
1-Feb-01 52.88 6.62

23-Apr-01 52.62 6.88
30-Jul-01 52.71 6.79
22-Oct-01 52.63 6.58
1-May-02 52.81 6.40
15-Oct-02 52.85 6.36
6-Oct-03 52.34 6.87
5-Jan-04 52.68 6.53
1-May-02 50.06 6.93
15-Oct-02 50.60 6.39
29-Apr-03 49.96 7.03
5-Jan-04 49.33 7.66
1-May-02 50.71 6.42
15-Oct-02 50.87 6.26
29-Apr-03 50.22 6.91
6-Oct-03 52.34 6.87
5-Jan-04 50.62 6.51

29-Apr-03 51.43 6.88
6-Oct-03 51.65 6.66
5-Jan-04 51.79 6.52

Notes:
      (1)  Measurement taken by Ninyo and Moore
      (2)  Well casing resurveyed in August 2000 by Frasier Engineering
      (3)  not recorded, water table affected  by nearby soil vapor extracton well

amsl - above mean sea level
btoc - below top of casing
N/A - not applicable
MCB - Marine Corps Base
toc - top of casing
UST - Underground Storage Tank

45 - 60MW11

MW10 45 - 60

75 - 80MW9 (deep)

56.99

59.28

59.21(2)

59.50

58.3145 - 60MW13

MW12 45 - 60 57.13
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TABLE 2-2

SUMMARY OF  HISTORICAL GROUNDWATER SAMPLING RESULTS 
UST SITE 210620, MCB CAMP PENDLETON, CA

Page 1 of 4
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L
(3) 5.9 85,000 680 10,000 13(4)  (3) (3) (3) (3) (3) 130 27 7100 130 (3) 36 130 130 130 130 (3) (3) 2

17-Aug-98 210620-B19/MW1 -- -- -- -- -- <200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
24-Oct-00 0024-002 na -- 0.16J -- -- 0.71J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.6J --
24-Oct-00 0024-003 (Dup) na -- -- -- -- 0.73J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.6J --
9-Feb-01 0024-092 -- -- -- -- -- 0.85J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8.3J -- --

24-Apr-01 0024-131 -- -- -- -- -- 0.71J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10J -- --
31-Jul-01 0024-235 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
22-Oct-01 0024-295 -- -- -- -- -- 0.29J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.27J --
1-May-02 0024-384 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
15-Oct-02 0024-415 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.28 J --
24-Apr-03 0024-486 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.65 J -- -- -- --
7-Oct-03 0024-548 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.21 J --
8-Jan-04 0063-023 --(9) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.63 J --

17-Aug-98 210620-B20/MW2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 700
24-Oct-00 0024-005 na -- -- -- -- 0.28 J -- -- -- -- -- 0.58J -- -- -- -- -- -- -- -- -- -- 2 J --
9-Feb-01 0024-093 -- -- -- -- -- 0.77 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.9J 0.46 J --

24-Apr-01 0024-132 -- -- -- -- -- -- -- -- -- -- -- 0.45J -- -- -- -- -- -- -- -- -- -- -- --
31-Jul-01 0024-238 -- -- -- -- -- -- -- -- -- -- -- 0.45J -- -- -- -- -- -- -- -- -- -- -- --
22-Oct-01 0024-298 -- -- -- -- -- -- -- -- -- -- -- 0.4J -- -- -- -- -- -- -- -- -- -- 0.26J --
2-May-02 0024-386 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.35J --
16-Oct-02 0024-427 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
25-Apr-03 0024-495 -- -- -- -- -- -- -- -- -- -- -- 0.31 J -- -- -- -- -- -- -- -- -- -- -- --
6-Oct-03 0024-535 -- -- -- -- -- -- -- -- -- -- -- 0.27 J -- -- -- -- -- -- -- -- -- -- -- --
8-Jan-04 0063-025 -- -- -- -- -- -- -- -- -- -- -- 0.39J -- -- -- -- -- -- -- -- -- -- 0.93 J --

17-Aug-98 210620-B1/MW3 -- -- -- -- -- <200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
24-Oct-00 0024-004 na -- 0.27J -- 0.41J 1.4 -- 4.5 J -- -- -- -- -- -- -- -- -- -- -- -- -- 14J 6.8 --
9-Feb-01 Well obstruction na na na -- na na na na -- -- na na na na na na na na na na na na na na

24-Apr-01 0024-135 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10J -- --
30-Jul-01 Well obstruction na na na -- na na na na -- -- na na na na na na na na na na na na na na
22-Oct-01 Well obstruction na na na -- na na na na -- -- na na na na na na na na na na na na na na

L
ea

d(8
) 

Well ID

Water Quality Objectives (California Ocean Plan)

T
PH

-g
(2

)

Detected VOCs (1) 

Date Sampled Sample ID
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L
(3) 5.9 85,000 680 10,000 13(4)  (3) (3) (3) (3) (3) 130 27 7100 130 (3) 36 130 130 130 130 (3) (3) 2

L
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d(8
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Well ID

Water Quality Objectives (California Ocean Plan)

T
PH
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(2

)

Detected VOCs (1) 

Date Sampled Sample ID

12-Feb-01 0024-099 -- -- -- -- -- 2900 330 -- -- -- 6.6 -- -- -- -- -- -- -- 0.35J -- -- -- -- --
25-Apr-01 0024-141 -- -- -- -- -- 2110 -- -- -- -- -- -- 26J -- -- -- -- -- -- -- -- -- -- 1.32 J
25-Apr-01 0024-142(Dup) -- -- -- -- -- 2100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.4J -- 4.2J 1.7 J
30-Jul-01 0024-229 -- -- -- -- -- 1200 14 J -- -- -- 3.3J -- -- -- -- -- -- -- -- -- -- -- -- --
23-Oct-01 0024-301 -- -- -- -- -- 1200 -- -- -- 0.22J 3.9J -- -- -- -- -- -- -- -- -- -- -- -- --
2-May-02 0024-388 -- -- -- -- -- 910 -- -- -- -- 2.5J -- -- -- -- -- -- -- -- -- -- -- 0.25J --
2-May-02 0024-389 (Dup) -- -- -- -- -- 940 -- -- -- -- 2.4J -- -- -- -- -- -- -- -- -- -- -- 0.27J --
16-Oct-02 0024-424 -- -- -- -- -- 4000 -- -- -- -- 8.5J -- -- -- -- -- -- -- -- -- -- -- -- --
25-Apr-03 0024-497 -- -- -- -- -- 590 -- -- -- -- 0.93 J -- -- -- -- -- -- -- -- -- -- -- -- --
7-Oct-03 0024-542 -- -- -- -- -- 550 -- -- -- -- 1.3 J -- -- -- -- -- -- -- -- -- -- -- -- --
9-Jan-04 0063-037 -- -- -- -- -- 130 -- -- -- -- -- 0.14 J -- -- -- -- -- -- -- -- -- -- 1.7 J --

MW5 (deep) 12-Feb-01 0024-096 -- -- -- -- -- 6.8 -- -- -- -- -- -- -- -- -- -- -- 0.48 J 7.2 1.7 J -- 11 J 0.31 J --
12-Feb-01 0024-097 (Dup) -- -- -- -- -- 6.9 -- -- -- -- -- -- -- -- -- -- -- 0.46 J 6.8 1.7 J -- 13 J 0.51 J --
25-Apr-01 0024-140 -- -- -- -- -- 6.4 -- -- -- -- -- -- -- -- -- -- 0.28 J 0.49 J 6.2 1.7 J 0.84J 9.7 J -- 2.18 J
23-Oct-01 0024-305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
23-Oct-01 0024-305 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-May-02 0024-387 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.25 J --
16-Oct-02 0024-425 -- -- -- -- -- -- -- -- -- -- -- 0.29 J -- -- -- -- -- -- -- -- -- -- 0.22J --
25-Apr-03 0024-496 -- -- -- -- -- -- -- -- -- -- -- 0.35 J -- -- -- -- -- -- -- -- -- -- -- --
7-Oct-03 0024-540 -- -- -- -- -- -- -- -- -- -- -- 0.32 J -- -- -- -- -- -- -- -- -- -- -- --
7-Oct-03 0024-541 (Dup) -- -- -- -- -- -- -- -- -- -- -- 0.31 J -- -- -- -- -- -- -- -- -- -- -- --
9-Jan-04 0063-035 -- -- -- -- -- 0.44 J -- -- -- -- -- 0.39 J -- -- -- -- -- -- -- -- -- -- 1.2 J --
9-Jan-04 0063-036 (Dup) -- -- -- -- -- -- -- -- -- -- -- 0.37 J -- -- -- -- -- -- -- -- -- -- 1.4 J --

12-Feb-01 0024-100 -- -- -- -- -- 4100 -- -- -- -- 5.9 -- -- -- 0.32 J -- -- 0.43 J 2.1 J 1.4 J -- 17 J 0.5 J --
25-Apr-01 0024-144 -- -- -- -- -- 3200 -- -- -- -- -- -- 100 -- -- -- -- -- -- -- 24J -- -- --
30-Jul-01 0024-228 -- -- -- -- -- 1400 15J -- -- -- 1.8 J -- -- -- -- -- -- -- -- -- -- -- -- --
23-Oct-01 0024-300 -- -- -- -- -- 1500 -- -- -- -- 3.3 J -- -- -- -- -- -- -- -- -- -- -- -- --
2-May-02 0024-390 -- -- -- -- -- 970 -- -- -- -- 1.5 J -- -- -- -- -- -- -- -- -- -- -- 0.22 J --
16-Oct-02 0024-426 -- -- -- -- -- 240 -- -- -- -- -- 2.1 J -- -- -- -- -- 5.3J -- 12 J -- -- -- --
25-Apr-03 0024-498 -- -- -- -- -- 1300 -- -- -- -- 2.3 J 0.61 J -- -- -- -- -- 0.89 J -- 1.1 J -- -- 0.37  J --
25-Apr-03 00247-499 (Dup) -- -- -- -- -- 1300 -- -- -- -- 2.3 J 0.62 J -- -- -- -- -- 0.88 J -- 1.1 J -- -- 0.36 J --
7-Oct-03 0024-547 -- -- -- -- -- 320 -- -- -- -- 0.51 J 0.25 J -- -- -- -- -- -- -- 0.3 J -- -- -- --
9-Jan-04 0063-038 -- -- -- -- -- 160 -- -- -- -- -- 0.28 J -- -- -- -- -- 0.27 J -- -- -- -- 1.2 J --

MW4

MW6
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L
(3) 5.9 85,000 680 10,000 13(4)  (3) (3) (3) (3) (3) 130 27 7100 130 (3) 36 130 130 130 130 (3) (3) 2

L
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d(8
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Well ID

Water Quality Objectives (California Ocean Plan)

T
PH

-g
(2

)

Detected VOCs (1) 

Date Sampled Sample ID

9-Feb-01 0024-094 -- -- -- -- -- 5.8 -- -- -- -- -- -- -- -- -- -- -- 0.34 J 1.9 J 1.2 J -- -- 0.42 J --
24-Apr-01 0024-134 -- -- -- -- -- 36 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
31-Jul-01 0024-237 -- -- -- -- -- 4600 43 -- -- -- 13 -- -- -- -- -- -- -- -- -- -- -- -- --

22-Aug-01 0024-271(6) -- -- -- -- -- 4600 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
22-Oct-01 0024-296 -- -- -- -- -- 3900 49 -- -- 0.23 J 16 -- -- -- -- -- -- -- -- -- -- -- 0.26 J --
2-May-02 0024-392 -- -- -- -- -- 58 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.22 J --
15-Oct-02 0024-417 -- -- -- -- -- 0.39 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.32 J --
24-Apr-03 0024-488 -- -- -- -- -- 1400 -- -- -- -- 3.9 J -- -- -- -- -- -- -- -- -- -- -- -- --
6-Oct-03 0024-537 -- -- -- -- -- 110 -- -- -- -- 0.25 J -- -- -- -- -- -- -- -- -- -- -- -- --
8-Jan-04 0063-028 -- -- -- -- -- 0.61 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.67 J --
9-Feb-01 0024-095 -- -- -- -- -- 1.3 -- -- -- -- -- -- -- -- -- -- -- 0.34 J 1.8 J 1.1 J -- -- -- --

24-Apr-01 0024-133 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
31-Jul-01 0024-236 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
22-Oct-01 0024-297 -- -- -- -- -- -- -- -- -- -- -- 0.2 J -- -- -- -- -- -- -- -- -- -- -- --
2-May-02 0024-391 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
15-Oct-02 0024-416 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.4 J --
24-Apr-03 0024-490 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6-Oct-03 0024-536 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.6  J -- --
8-Jan-04 0063-026 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.76 J --

12-Feb-01 0024-102 -- -- -- -- -- 10 -- -- -- -- -- -- -- -- -- -- -- 0.52 J 2.7 J 1.8 J -- --
25-Apr-01 0024-138 -- 0.32J -- -- -- 16 -- -- -- -- -- -- -- 0.43 J -- -- -- -- -- -- 0.99 J -- -- --
30-Jul-01 0024-233 -- -- -- -- -- 0.83J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
23-Oct-01 0024-302 -- -- -- -- -- 0.4 4J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1-May-02 0024-383 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
15-Oct-02 0024-421 -- -- -- -- -- 0.64 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
15-Oct-02 0024-422 (Dup) -- -- -- -- -- 0.73 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.38 J --
24-Apr-03 0024-492 -- -- -- -- -- 0.59 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
7-Oct-03 0024-545 -- -- -- -- -- 0.53 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
9-Jan-04 0063-033 -- -- -- -- -- 0.58 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.84 J --

MW9 (deep)

MW8

MW7

040165 Tbls.xls
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mg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L
(3) 5.9 85,000 680 10,000 13(4)  (3) (3) (3) (3) (3) 130 27 7100 130 (3) 36 130 130 130 130 (3) (3) 2

L
ea

d(8
) 

Well ID

Water Quality Objectives (California Ocean Plan)

T
PH

-g
(2

)

Detected VOCs (1) 

Date Sampled Sample ID

12-Feb-01 0024-101 -- -- -- -- -- 9000 1200 -- -- -- 17 -- -- -- 0.52 -- -- -- 0.43 J 0.35 J -- 9.7 J 0.39 J --
25-Apr-01 0024-145 0.051 -- -- -- -- 8700 -- -- -- -- -- -- 260 -- -- 11 J -- -- -- -- 5.9 J -- -- --
30-Jul-01 0024-231 -- -- -- -- -- 7200 110 -- -- -- 21 -- -- -- 0.39 J -- -- -- -- -- -- -- -- --
30-Jul-01 0024-232(Dup) -- -- -- -- -- 7600 120 -- -- -- 21 -- -- -- 0.37 J -- -- -- -- -- -- -- -- --
23-Oct-01 0024-303 -- -- -- -- -- 7100 70 -- -- 0.43 J 21 -- -- -- 0.42  J -- -- -- -- -- -- -- -- --
23-Oct-01 0024-304(Dup) -- -- -- -- -- 7500 75 -- -- 0.46 J 22 -- -- -- 0.44 J -- -- -- -- -- -- -- -- --
1-May-02 0024-382 -- -- -- -- -- 4800 120 -- 0.59 J 0.4 J 13 -- -- -- 0.34 J -- -- -- -- -- -- 12 J 0.28 J --
15-Oct-02 0024-420 -- -- -- -- -- 130 -- -- -- -- -- 1.9 J -- -- -- -- -- 5.8 3.2J 9.9 -- -- 0.62 J --
24-Apr-03 0024-491 -- -- -- -- -- 80 -- -- -- -- -- 1.7 J -- -- -- -- -- 4.6 J 3.7 J -- -- 0.37 J --
7-Oct-03 0024-546 -- -- -- -- -- 520 -- -- -- -- 0.87 J 1.3 J -- -- -- -- -- 3.2 J 1.8 J 0.91 J -- 0.5 J --
9-Jan-04 0063-034 -- -- -- -- -- 1500 12 J -- -- 0.13 J 3.5 J 1.2 J -- -- -- -- -- 2.6 J -- 0.76 J 0.94 J -- 0.93 J --
2-May-02 0024-394 -- -- -- -- -- 0.49 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.21 J --
15-Oct-02 0024-419 -- -- -- 0.21J 3.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.37 J --
24-Apr-03 0024-487 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6-Oct-03 0024-539 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
9-Jan-04 0063-031 -- -- -- -- -- 0.23 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.83 J --
2-May-02 0024-393 -- -- -- -- -- 0.37 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.28 J --
15-Oct-02 0024-418 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.33 J --
24-Apr-03 0024-489 -- -- -- -- -- 7.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6-Oct-03 0024-538 -- -- -- -- -- 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4 J -- --
8-Jan-04 0063-027 -- -- -- -- -- 35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.78 J --

25-Apr-03 0024-500 -- -- -- -- -- -- -- -- -- -- -- 1.3 J -- -- -- -- -- 3.2 J 4.1 J 5.9 -- -- 0.28 J --
7-Oct-03 0024-544 -- -- -- -- -- -- -- -- -- -- -- 1.7 J -- -- -- -- -- -- -- -- -- -- -- --
8-Jan-04 0063-029 -- -- -- -- -- -- -- -- -- -- -- 2.3 J -- -- -- -- -- -- -- -- -- -- 0.59 J --
8-Jan-04 0063-030 (Dup) -- -- -- -- -- -- -- -- -- -- -- 2.3 J -- -- -- -- -- -- -- -- -- -- 0.63 J --

0.05 0.5 0.5 0.5 1.5 1 20 50 5 5 5 5 5 5 0.5 5 0.5 5 5 5 5 50 5 5

Notes:
Bold values exceed listed Water Quality Objective -- - not detected above laboratory reporting limits mg/L - milligrams per liter
(1) - Detected above laboratory method detection limits * - suspected laboratory contaminant MTBE - methyl tert-butyl ether
(2) - Total petroleum hydrocarbons quantified as gasoline (EPA 8015B, TPH-purgeable μg/L - micrograms per liter na - not analyzed
(3) - No established Water Quality Objective DIPE - di-isopropyl ether TAME - tert-amyl methyl ether
(4) - Drinking water Maximum Contaminant Level used Dup - duplicate sample TBA - tert-butyl alcohol
(5) - Compound detected in associated field blank EPA - U. S. Environmental Protection Agency TPH-g - total petroleum hydrocarbons quantified as gasoline
(6) - Confirmation sample collected due to  high increase in MTBE over previous even ETBE - ethyl tert-butyl ether TPH-purgeable - total purgeable petroleum hydrocarbons
(7) - Reporting limits are for undiluted analysis only J - estimated value UST - Underground Storage Tank
(8) - Lead by EPA Method 6010B MCB - Marine Corps Base VOC - volatile organic compound (by EPA Method 8260B)
(9) - Presence of discrete peaks, not reported MEK - methyl ethyl ketone

MW12

MW11

MW10

Reporting Limit (7)

MW13
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TABLE 2-3

SUMMARY OF HISTORICAL GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION

UST SITE 210620, MCB CAMP PENDELTON, CA

Page 1 of 1

Monitoring 
Well ID

Date 
Sampled Sample ID Nitrate(1)    

(mg/L)
Sulfate(1)   

(mg/L)
Iron (II)(2)  

(mg/L)

Dissolved 
Oxygen(3)     

(mg/L)

ORP(3)      

(mV)

9-Feb-01 0024-095 13.3 119 -- 4.42 174.2
24-Apr-01 0024-133 11.4 101 -- 4.39 178
31-Jul-01 0024-236 15.4 283 -- 4.79 88
22-Oct-01 0024-297 17.5 193 -- 4.75 63
2-May-02 0024-391 13.5 205 -- 4.79 79
15-Oct-02 0024-416 13.1 147 -- 3.82 101
24-Apr-03 0024-490 15.4 140 -- 5.1 105
6-Oct-03 0024-536 14.5 140 -- 5.26 120
8-Jan-04 0063-026 15.5 171 -- 6.2 90

12-Feb-01 0024-102 0.151 208 0.9 0.03 -197.7
25-Apr-01 0024-138 0.113 213 -- 0.07 -186
30-Jul-01 0024-233 7.12 386 3.2 0.04 -152
23-Oct-01 0024-302 7.49 276 3.2 -- -178
1-May-02 0024-383 0.834 310 3.8 0.52 -114
15-Oct-02 0024-421 -- 309 2.8 0.00 -82
24-Apr-03 0024-492 0.1 341 4.2 0.00 -102
7-Oct-03 0024-545 0.3 327 4.1 0.19 -162
9-Jan-04 0063-033 0.15 386 2.6 -- -115

12-Feb-01 0024-101 6.45 165 -- 0.18 -121.6
25-Apr-01 0024-145 8.56 269 -- 0.16 200.4
30-Jul-01 0024-231 6.72 250 -- 0.07 60
30-Jul-01 0024-232(Dup) 6.84 188 na na na
23-Oct-01 0024-303 7.11 178 -- -- -24
1-May-02 0024-382 5.58 189 -- 0.29 67
15-Oct-02 0024-420 10.6 199 -- 0 73
24-Apr-03 0024-491 8.97 215 -- 0.22 69
7-Oct-03 0024-546 9.77 247 -- 0.25 45
9-Jan-04 0063-034 7.36 216 -- 0.16 76
2-May-02 0024-393 6.44 164 -- 1.48 19
15-Oct-02 0024-418 7.18 141 -- 0.34 22
24-Apr-03 0024-489 7.79 157 0.8 0.63 -8
6-Oct-03 0024-538 6.59 230 -- 0.40 -4
8-Jan-04 0063-027 15.5 346 1.0 0.02 -33

24-Apr-03 0024-500 9.01 212 -- 4.35 141
7-Oct-03 0024-544 5.33 245 -- 2.28 65
8-Jan-04 0063-029 3.19 174 -- 2.48 62

0.1 0.5 (4) (4) (4)

Notes:
(1) - Analyzed by  EPA Method 300.0 mV - millivolts
(2) - Ferrous iron by Hach IR-18C field kit na - not analyzed
(3) - Parameters measured using field instruments ORP - oxidation/reduction potential
(4) - Not applicable for field measurements UST - Underground Storage Tank
-- - not detected in field with field instrument or analytical ki
Dup - duplicate sample
EPA - U.S. Environmental Protection Agency
MCB - Marine Corps Base
mg/L - milligrams per liter

MW8

MW9

Reporting Limits

MW13

MW12

MW10
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TABLE 2-4

SUMMARY OF VERIFICATION SAMPLING RESULTS
UST SITE 210620, MCB CAMP PENDLETON, CA

Page 1 of 1

Sample 
Location

Sample 
Identification Date Sampled Depth 

(feet below grade)
TPH-g
μg/kg

MTBE
μg/kg

Benzene
μg/kg

Toluene
μg/kg

MEK
μg/kg

MIBK
μg/kg

SPLP/VOCs
μg/L

VSB1 0081-001 April 27, 2004 10 -- -- -- -- -- -- na
0081-002 April 27, 2004 15 -- -- -- -- -- -- na
0081-003 April 27, 2004 20 -- -- -- -- -- -- na
0081-004 April 27, 2004 25 -- -- -- -- -- -- na
0081-005 April 27, 2004 30 -- -- -- -- -- -- na
0081-006 April 27, 2004 35 -- -- -- -- -- -- na
0081-007 April 27, 2004 40 -- -- -- -- -- -- na
0081-008 April 27, 2004 40 (dup) -- -- -- -- -- -- na
0081-009 April 27, 2004 45 -- -- -- -- -- -- na
0081-010 April 27, 2004 50 -- 8.9 J -- -- -- 2.4 J --

VSB2 0081-011 April 27, 2004 10 -- -- -- -- -- -- na
0081-012 April 27, 2004 15 -- -- -- -- 11 J -- na
0081-013 April 27, 2004 20 -- -- 1.1 J 1.1 J -- -- na
0081-014 April 27, 2004 25 -- -- -- -- -- -- na
0081-015 April 27, 2004 30 -- -- -- -- -- -- na
0081-016 April 27, 2004 35 -- -- -- -- -- -- na
0081-017 April 27, 2004 40 -- 70 -- -- -- -- --
0081-018 April 27, 2004 45 -- -- -- -- -- -- na
0081-019 April 27, 2004 45 (dup) -- -- -- -- -- -- na
0081-020 April 27, 2004 50 -- -- -- -- -- -- na

Notes:
-- - not detected MTBE - methyl tert-butyl ether
μg/kg - micrograms per kilogram na - not analyzed
μg/L - micrograms per liter SPLP - Synthetic Precipitation Leaching Procedure
J - Estimated value TPH-g - total petroleum hydrocarbons quantified as gasoline
MCB - Marine Corps Base UST - Underground Storage Tank
MEK - methyl ethylketone VOC - volatile organic compounds
MIBK - 4-methyl-2-pentanone
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TABLE 4-1 

PROPOSED CLEANUP OBJECTIVES FOR GASOLINE CONSTITUENTS, 
MCB CAMP PENDLETON, CA 

040165 CAP Rev 0.doc  Final Corrective Action Plan with  
Soil Vapor Extraction Pilot Test Results 

UST Site 210620, MCB Camp Pendleton 
DCN: FWSD-RAC-04-0165 

CTO No. 0063, Revision 0, 06/18/04 

Constituent Groundwater(1) Soil 

TPH-g None Established  None Established 

Benzene 400 μg/L(2) SPLP<Groundwater Objective 

Toluene 5,000 μg/L(2) SPLP<Groundwater Objective 

Ethylbenzene 430 μg/L(2) SPLP<Groundwater Objective 

Total Xylenes 10,000 μg/L(2) SPLP<Groundwater Objective 

MTBE None Established  None Established  

TBA None Established  None Established  

DIPE None Established  None Established  

ETBE None Established  None Established  

TAME None Established  None Established  

Lead None Established  None Established  

Notes: 

(1) − Site is west of Interstate Highway 5 and groundwater does not have any beneficial uses. 
(2) − Interim Cleanup Goals for Groundwater within 1,000 feet of a marine surface water (RWQCB, 1996) 
μg/L − micrograms per liter 
DIPE – di-isopropyl ether 
ETBE – ethyl tert-butyl ether 
MCB – Marine Corps Base 
MTBE – methly tert-butyl ether 
RWQCB – Regional Water Quality Control Board 
SPLP − Synthetic Precipitation Leaching Procedure 
TAME – tert-amyl methyl ether 
TBA - tert-butyl alcohol 
TPH-g − total petroleum hydrocarbons quantified as gasoline 
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SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,  
UST SITE 210620, MCB CAMP PENDLETON, CA 
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General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Further Action Not applicable.  Not applicable.  High: After successfully 
completing a long-term SVE pilot 
test that removed an estimated 
99% of MTBE in soil, the amount 
of remaining MTBE is believed 
to be very low.  MTBE is 
degradable, and site-specific 
bioparameter data indicate that 
sufficient biomass capable of 
degrading MTBE is present. 

Easy:  No additional 
remedial activities would be 
performed.  

None: Since there would 
be no additional soil 
remediation, there would 
be no additional soil 
remediation costs. 

 

Retained: Assumes site 
closure would be 
warranted under existing 
conditions. 

Limited action Remediation  
by natural 
attenuation. 

Begin a 
groundwater 
monitoring 
program to 
evaluate if residual 
MTBE in soil is 
impacting 
groundwater. 

High:  Natural attenuation has 
been shown to be effective at 
similar sites for the long-term, 
permanent removal of gasoline 
constituents.  Analytical data 
indicate that biomass specifically 
capable of degrading MTBE is 
present at the site. 

Moderately easy:  Consists of 
periodic groundwater 
monitoring to assess whether 
the low level of residual 
MTBE in soils is impacting 
groundwater. 

Moderate:  Depends on 
length of time required for 
groundwater monitoring.  
It is conservatively 
assumed that 5 years of 
monitoring may be 
required. 

Retained:  Relatively easy 
to implement and natural 
processes have been 
shown to be effective at 
similar sites. 

Active 
remediation 

In situ biological 
treatment. 

Bioventing: 
Introduce oxygen 
into the vadose 
zone (oxygen 
enhancement). 

Moderate:  Oxygen is typically 
the limiting factor for aerobic 
bioremediation and, if possible, 
adding oxygen has been shown to 
be effective at similar sites.  

Moderate to Difficult: 
Bioventing is a conventional, 
well-known technology; 
however, the vadose zone is 
relatively thick (50 feet) and 
installing several venting 
wells at an active service 
station would be difficult.  

Moderate to High: 
Potential high installation 
costs and long-term 
system O&M. 

Eliminated:  Potential 
high costs at a site with 
relatively minor residual 
contamination.   
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General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ chemical 
treatment. 

Chemical 
oxidation: 
Introduce a 
chemical oxidant 
into the vadose 
zone to either 
destroy or degrade 
contaminants. 

Moderate: Where implementable, 
this technology has been shown 
to remediate hydrocarbons in 
soils.  The oxidants used are 
readily available. 

Difficult: The impacted soils 
are beneath an active service 
station and adjacent to a 
restaurant.  This technology 
is not recommended near 
underground utilities due  
to exothermic reactions 
generated. 

High: Potentially 
extensive drilling (due to 
thick vadose zone) and 
monitoring activities 
would increase costs. 

Eliminated: 
Implementation would be 
very difficult around 
underground utilities at an 
active service station and 
the adjacent building. 

Active 
Remediation 

In situ soil 
venting. 

SVE. 
Contaminants are 
stripped from soils 
by applying a 
vacuum to 
extraction wells.   

High: Especially effective in 
permeable soils like those at the 
site.  Vapor extraction is a well-
proven technology and was 
shown to be very successful 
during the pilot test completed at 
the site.   

Moderate: The existing 
extraction wells and 
equipment installed for the 
SVE pilot test could be used. 

Moderate: During the 
long-term pilot test, an 
estimated 99% of MTBE 
was removed.  It may 
require a long period of 
O&M to remove the 
remaining residual 
contamination.   

Eliminated:  Results of the 
long-term SVE test 
indicated that MTBE was 
removed to the extent 
practicable, and there is a 
diminishing benefit 
relative to the resources 
required to continue 
operating the SVE system. 

Active 
Remediation 

Removal. Excavation with 
off-site disposal. 

High: Provides long-term 
effectiveness and permanence. 
Provides protection of human 
health and the environment by 
reducing the amount of 
contaminated soils. 

Very difficult: Excavation is 
a conventional and well 
established technology; 
however, the remaining 
residual contamination is 
located beneath an active 
service station between 40 
and 45 feet deep. 

Very high: Fairly 
extensive effort, would 
involve excavating 
contaminated soil around 
an active service station 
that would increase 
complexity, and hence 
costs.   

Eliminated: The estimated 
low volume of remaining 
residual impacted soil 
does not justify the high 
cost and very difficult 
implementability.  

Notes: 
MCB – Marine Corps Base SVE – soil vapor extraction 
MTBE – methyl tert-butyl ether  UST – Underground Storage Tank 
O&M – operation and maintenance 
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General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

No Action Not applicable. Not applicable.  High: Hydrocarbon constituents 
are readily biodegradable, the 
plume is generally stable, and 
significant migration has not 
occurred. Groundwater in the 
area does not have any beneficial 
uses and the nearest municipal 
supply well is over 5 miles away. 
Analytical data indicate that 
MTBE-degrading bacteria are 
present in aquifer soils.  

Easy: No remedial 
activities would be 
performed. Site closure 
would be complete after 
the destruction of the 
existing groundwater 
monitoring wells. 

Low: Costs to destroy 
existing wells would be 
relatively low. 

 

Retained: Assumes site 
closure would be 
warranted under existing 
conditions.  

Limited Action Remediation  
by Natural 
Attenuation. 

Groundwater monitoring 
program to verify that 
contaminant levels are 
continuing to decrease. 

High:  Hydrocarbon constituents 
are readily biodegradable, the 
plume is generally stable, and 
significant migration has not 
occurred. Groundwater in the 
area does not have any beneficial 
uses and the nearest municipal 
supply well is over 5 miles away. 
Analytical data indicate that 
MTBE-degrading bacteria are 
present in aquifer soils. 

Moderately easy:  
Consists of periodic 
groundwater monitoring 
to assess contaminant 
disappearance.  

Moderate:  Depends on 
length of time required 
for monitoring.  It is 
conservatively assumed 
that 5 years of 
monitoring may be 
required. 

Retained:  Relatively 
easy to implement and 
natural processes have 
been shown to be 
effective at similar sites. 
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General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ biological 
treatment. 

Biosparging: Introduce 
oxygen into the 
saturated zone by 
pumping air into the 
subsurface. 

Medium to low:  Oxygen is 
typically the limiting factor for 
aerobic bioremediation.  
However, data indicate 
contaminant levels are already 
being reduced naturally, 
suggesting oxygen may not be a 
major limiting factor. 

Moderate to difficult: 
Biosparging is a 
conventional, well- 
known technology; 
however, the impacted 
saturated-zone is 
relatively deep (50 feet 
below grade) and the 
plume covers a relatively 
large area. 

Moderate to high: 
Potential large number 
of relatively deep wells 
would be required, along 
with long-term operation 
and maintenance. 

Eliminated: Potential 
low effectiveness based 
on evidence that natural 
attenuation is currently 
occurring along with 
potential high cost. 

Active 
Remediation 

In situ biological 
treatment. 

Addition of ORC to the 
contaminated zone. 
ORC is a patented 
formulation of 
magnesium peroxide 
that produces a slow, 
sustained source of 
oxygen in groundwater, 
which enhances the 
ability of indigenous 
microorganisms to 
degrade hydrocarbons. 

Medium to low:  Oxygen is 
typically the limiting factor for 
aerobic bioremediation. Contrary 
to biosparging, which relies on 
pressure to push air into the 
groundwater, ORC provides high 
concentrations of molecular 
oxygen that migrate into the 
contaminated aquifer via 
diffusion. However, data indicate 
contaminant levels are already 
being reduced naturally, 
suggesting oxygen may not be a 
major limiting factor. 

Moderate: ORC is 
applied to the subsurface 
via push-point injection. 

Moderate: Costs include 
purchasing ORC and 
applying it to the 
subsurface, along with 
periodic groundwater 
monitoring.  Multiple 
injections would likely 
be required. 

Eliminated: The effort 
and costs are not 
justified based on data 
that suggest natural 
attenuation is already 
occurring at the site. 
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General 
Response Actions 

Remedial 
Technologies  Process Options Effectiveness Implementability Cost Comments 

Active 
Remediation 

In situ chemical 
treatment. 

Chemical oxidation: 
Introduce a chemical 
oxidant into the 
saturated zone to destroy 
or degrade contaminants.

Moderate to high: Technology 
has been shown to remediate 
hydrocarbons in groundwater. 
The oxidants used are readily 
available, and treatment time is 
usually measured in months as 
opposed to years. 

Difficult: Impacted 
groundwater is relatively 
deep and the 
contaminant plume is 
relatively large. Also, 
this technology is not 
recommended near 
underground utilities  
due to exothermic 
reactions generated. 

High: Extensive drilling 
and monitoring activities 
would increase costs. 

Eliminated: The effort 
and costs are not 
justified based on data 
that suggest natural 
attenuation is already 
occurring at the site. 

Active 
Remediation 

Ex situ pump and 
treat. 

Groundwater extraction, 
coupled with adsorption 
processes such as 
granular activated 
carbon and 
reintroduction of treated 
water back into the 
aquifer. 

Low: Readily capable of 
removing contaminants from 
extracted water. However, pump 
and treat technology has been 
shown to require system 
operation over an extensive 
period of time, and 
disproportionately large 
groundwater extraction volumes. 

Moderate: Ex situ pump 
and treat is a 
conventional and well 
established technology; 
however, several 
extraction wells would 
likely be required, based 
on the relatively large 
plume. 

Very high: Very high 
capital and O&M costs. 
Involves system 
operation over a 
potentially long period 
of time, transport of 
waste (spent carbon) off 
site and associated 
permitting. 

Eliminated: Low 
effectiveness and very 
high cost eliminates 
pump and treat as a 
feasible option. 

Notes: 
EPA – U.S. Environmental Protection Agency 
MCB – Marine Corps Base 
MTBE – methyl tert-butyl ether  
O&M – operation and maintenance 
ORC – oxygen release compound 
UST – Underground Storage Tank 
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1.0   INTRODUCTION 

This report documents and evaluates the results of the soil vapor extraction (SVE) pilot test 
conducted at Underground Storage Tank (UST) Site 210620, 21 Area, Marine Corps Base (MCB) 
Camp Pendleton, California. The pilot test was conducted by Tetra Tech FW, Inc. (TtFW), 
formerly Foster Wheeler Environmental Corporation (FWENC), in accordance with the Final SVE 
Pilot Test Work Plan for UST Site 210620 (FWENC, 2003). 

1.1 BACKGROUND 

UST Site 210620 is an active gasoline service station that previously contained USTs that leaked 
gasoline and impacted surrounding soil and groundwater. The leaking tanks were replaced in 
1997. The primary objective for conducting the pilot test was to evaluate the feasibility of 
applying SVE as a remedial alternative for impacted soil at the site. The primary contaminant at 
the site is methyl tert-butyl ether (MTBE). Detailed information on site background and previous 
investigations is presented in Section 2.0 of the Corrective Action Plan (CAP), and is not 
duplicated in this report. 

1.2 PILOT TEST OBJECTIVES 

The pilot test was conducted at the subject site to evaluate the feasibility of using SVE as a 
remediation technology for MTBE-impacted soils and to obtain data required for potential future 
design of a full-scale SVE system. 

The primary objectives of the test were as follows: 

• Estimate the permeability of the soil to air flow. 

• Estimate the SVE radius of vacuum influence (ROVI).  

• Estimate the MTBE removal rate via SVE. 

• Assess the feasibility of SVE technology for MTBE removal based on extraction flow 
rates/vacuum, mass removal rates, ROVI, and field permeability.  

1.3 DOCUMENT ORGANIZATION 

This report is organized into the following sections:  

• Section 1.0 – Introduction−includes background and objectives of the pilot test. 

• Section 2.0 – Field Activities−includes a summarized description of the pilot test 
activities performed. 

• Section 3.0 – Data Analyses−includes the presentation and evaluation of the data 
collected. 
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• Section 4.0 – Conclusions and Recommendations−presents a summary of the 
findings and recommendations. 

• Section 5.0 – References –lists the references cited in this report 

Supporting information is provided in Attachments 1 through 3. 
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2.0   FIELD ACTIVITIES 

This section presents a summary of the associated field activities. 

2.1 SVE WELL INSTALLATION 

In July 2003, under permit from the County of San Diego Department of Environmental Health, 
two dual-screened vapor extraction wells (VEW1 and VEW2) were installed using a hollow-
stem auger drill rig. The locations of the extraction wells are shown on Figure  2-5 in the CAP. 
The extraction wells each contained two 2-inch-diameter Schedule 40 polyvinyl chloride (PVC) 
strings of casings with screened intervals at approximately 25 to 35 feet below ground surface 
(bgs) and 40 to 50 feet bgs. One of the extraction wells, VEW2, was angled at approximately 20 
degrees to the southeast toward the tank cavity. A screen slot size of 0.010 inches was used for 
the screen intervals. In addition, each well contained two soil vapor monitoring probes. The 
vapor probes each consisted of ½-inch diameter Schedule 40 PVC casing with a 2-foot screen 
interval located at approximately 15 feet and 20 feet bgs. Boring logs containing well 
construction details are provided in Attachment 1. 

Following well installation, a subsurface concrete utility vault was placed over each well and 
underground conveyance piping was connected from each extraction well to the treatment 
system located adjacent to Building 210620. Drill cuttings, and soil from the pipeline trenches, 
were placed in 55-gallon drums and a 10-yard roll-off bin, respectively. A copy of the waste 
manifest for the removal of waste soil is provided in Attachment 2.  

2.1.1 SOIL SAMPLE COLLECTION AND RESULTS 

To evaluate the levels of MTBE and other potential gasoline constituents in soils prior to the 
SVE test, soil samples were collected during the installation of the two extraction wells. Soil 
samples were collected at 42 feet bgs from VEW1, and at 32 feet, 37.5 feet, 42 feet, and 47 feet 
bgs from VEW2 for total petroleum hydrocarbons quantified as gasoline (TPH-g), volatile 
organic compounds (VOCs), and total lead analyses. In addition, a soil sample was collected 
from VEW1 at 45 feet bgs and analyzed for intrinsic permeability. Analytical results indicated 
that MTBE, tert-butyl alcohol (TBA), and tert-amyl methyl ether (TAME) were present in soils 
up to 3,200, 510, and 5.7 micrograms per kilogram (μg/kg), respectively. Total lead was present 
at low levels up to a maximum of 3.99 milligrams per kilogram (mg/kg). Analytical results are 
summarized on Table 2-1, and laboratory analytical reports are included as Attachment 3. The 
sample from 45 feet bgs in VEW1 had an intrinsic permeability (to air) of 5,131 millidarcys 
(typical of silty to clean sand). 
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2.2 SVE PILOT TEST EQUIPMENT 

The SVE pilot test equipment consisted of a skid-mounted blower package to extract soil vapor 
from extraction wells, a knock-out vessel, and two vessels containing vapor-phase granular 
activated carbon (GAC) to treat the extracted vapors prior to discharge to the atmosphere.  

Individual components included: 

• A 15-horsepower (hp) positive-displacement blower, moisture knock-out tank with 
transfer pump, and controls. The blower was rated for a maximum flow of 250 
standard cubic feet per minute (scfm). 

• Two GAC vessels filled with 1,000 pounds (lbs) each. 

• Associated piping, instruments and gauges. 

• A 1,000-gallon dual-wall aboveground steel tank, equipped with high-level 
alarm/shut-off switch. 

• One 20-foot-long k-rail barrier positioned in front of the aboveground tank. 

• A velocity meter to measure extraction flow and Magnehelic gauges to measure 
vacuums. 

2.2.1 Short-term Pilot Test 

SVE step testing was conducted individually from the deep screens of the two extraction wells 
over a 2-day period from September 10 to September 11, 2003. Collected data included 
extraction vacuum; observation vacuum; photoionization detector (PID), oxygen, and carbon 
dioxide readings; and laboratory analysis of the extracted vapor, and other relevant operating 
data.  

The data are tabularized in Tables 2-2 and 2-3.  

2.2.2 Extended-term Pilot Test 

Immediately upon completion of the short-term test, an approximately 2-month extended test 
was conducted during which the SVE system was operated continuously using the deep screens 
of both wells as the extraction points. System operating data were collected on a weekly basis; 
laboratory samples from the extraction stream were collected periodically. 

The system operating data are tabulated in Table 2-4. 

During the extended test, significant amounts of groundwater were fortuitously entrained into the 
vapor stream. As a result, an external 1,000-gallon collection tank and transfer pump were added 
to the SVE system to accommodate the entrained groundwater. Two filling cycles of the tank 
occurred during the course of the test. Groundwater collection rates are tabulated in Table 2-5 for 
the first filling cycle and Table 2-6 for the second filling cycle. 
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After approximately 7 weeks, the extraction configuration was changed from extraction from the 
deep screens of both wells to extraction from the shallow screens of VEW-1 and VEW-2.  
Extraction was continued in the shallow screen configuration for approximately 2.5 weeks.  
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3.0   DATA ANALYSES 

Field and laboratory data obtained during the pilot tests were used to evaluate the feasibility of 
SVE for remediation of MTBE-impacted subsurface soils. This section presents summaries of 
the data and data analyses. 

3.1 DATA ANALYSIS FOR SHORT-TERM TEST 

The following sections detail the data analyses performed on the pilot test data. 

3.1.1 Pressure-flow Performance Curve 

The extraction flow rate was plotted as a function of the applied extraction vacuum for each 
extraction well during the short-term test. The performance curves for the soil were generated 
from values ranging from a flow rate of 56 scfm at 18 inches of water to a flow rate of 171 scfm 
at 48 inches of water. The performance curves are shown in Figure 3-1. The behavior of the 
curves is indicative of sand and confirms the lithology encountered during the extraction well 
installation. These performance curves are representative of soil that is highly suited to 
remediation by SVE. 

3.1.2 Radius-of-influence Estimation 

Darcy’s law for horizontal, cylindrical flow was used to determine a radius of influence (ROI) 
for the extraction wells during extraction from the deep screens. Assuming homogeneous soil, a 
linear relationship will exist between the logarithm of the radial distance and the square of the 
pressure. The observation data were plotted accordingly in an attempt to identify linear trends. 
Once a linear trend was identified, linear regression parameters and corresponding 95 percent 
confidence intervals were calculated on the selected regression data set. If the other data points 
not included in the regression set fall on, outside, or nearly outside the 95 percent confidence 
intervals, then the validity of the regression is confirmed, and the ROI can be calculated using 
the regression parameters. Linear regression data, the excluded data, and the confidence intervals 
for extractions at VEW-1D and VEW-2D are shown as Figures 3-2 and 3-3. Once the linear 
regressions were established, ROIs were calculated.  

The ROI is defined as the distance at which the vacuum decays to 1 percent of the extraction 
vacuum and is widely accepted as the distance at which effective remediation can be achieved 
via SVE. 

The ROIs were calculated to be 91 feet for VEW-1D and 97 feet for VEW-2D. The areas 
generated by these ROIs encompass the identified MTBE-affected soils beneath this site. 
Extraction and observation vacuums and regression parameters for the extractions are tabularized 
in Tables 3-1 and 3-2. 
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3.1.3 Soil Permeability 

The Darcy equation was used to infer the soil permeability and is as follows: 

 Q
H

k P [1 (P / P ) ]
(R / D )e

m e
2

e m

=
−

π
μ ln

 

Where: 

Q  = flow [cubic feet per minute (cfm), cubic centimeters per second (cm3/s)] 
H  = screen interval [feet, centimeters (cm)] 
k  =  soil permeability to air flow [darcy, square centimeters (cm2)] 
µ  = viscosity of air [centipoise, grams per centimeter per second (g/cm-s)] 
Pe  = extraction well vacuum [inches water (H2O), grams per centimeter per second 

squared (g/cm-s2)] 
Pm  = monitoring well response [inches H2O, g/cm-s2] 
Re  = extraction well radius [feet, cm] 
Dm  = distance of monitoring well from extraction well [feet, cm] 

Based upon the calculation of the 95 percent confidence intervals, the observation vacuum data 
along the major flow channel could be ascertained and then input into equation (1), and the 
results are tabulated in Table 3-3. 

Using the pilot data, the calculated permeability of the soil is approximately 44 Darcys at 
VEW-1D and 24 Darcys at VEW-2D. Soil of this permeability is well within the range of 
permeability (1 to 100+ Darcys) that is required for the successful implementation of SVE.  

3.1.4 Laboratory Monitoring Results of Extracted Vapor Stream 

Vapor samples were collected in SUMMA canisters during both the short-term test and extended 
test and analyzed by the following methods: 

• TPH-g by U.S. Environmental Protection Agency (EPA) Method Toxic Organics 
(TO-3) 

• VOCs by EPA Method TO-15 

• Carbon dioxide, oxygen, and methane by American Society for Testing and Materials 
(ASTM) 1946/3416 

For the short-term test, highlights of the laboratory results are as follows: 

• MTBE was detected at concentration of 13,100 micrograms per cubic meter (μg/m3) 
and toluene was detected at concentration of 490 μg/m3 in vapors from VEW2D; 
TPH-g, benzene, ethylbenzene, and xylene were not detected. 

(1)
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• MTBE was detected at concentration of 4,500 μg/m3 in vapors from VEW1D; TPH-g, 
benzene, toluene, ethylbenzene, and xylene (BTEX) were not detected. 

• Oxygen concentrations were 16 percent and 13 percent at extraction wells VEW1D 
and VEW2D, respectively; carbon dioxide concentrations were 5 percent and 
6 percent at VEW1D and VEW2D, respectively. Methane was not detected. 

For the long-term test, highlights of the laboratory results are as follows: 

• During simultaneous extraction from VEW1D and VEW2D from September 25, 2003, 
to November 4, 2003, MTBE concentrations of the influent stream decreased from 
3,600 μg/m3 to 100 μg/m3; trace amounts of toluene and xylene were also detected 
throughout the period. 

• During simultaneous extraction from VEW1S and VEW2S from November 24, 2003, 
to February 2, 2004, MTBE concentrations of the influent stream decreased from 
870 μg/m3 to 1 μg/m3; trace amounts of BTEX were also detected throughout the 
period. 

• Laboratory samples were also collected from the SVE system effluent and 
intermediate ports. Analysis showed that the GAC effectively removed the target 
contaminants from the vapor stream in accordance with the system permit. 

Refer to Table 3-4 for laboratory results of all samples collected during the pilot test. Laboratory 
reports are contained in Attachment 3. 

3.2 DATA ANALYSIS FOR EXTENDED TEST 

3.2.1 Theory and Equations 

In a sand environment in which VOC mass removal rates by SVE are controlled by advection 
over diffusion, a simple “box” model can be used to approximate mass removal rates. According 
to the “box” model, VOC mass removal rates are a first-order process, i.e., mass removal rates 
plot log-linearly with respect to time. The first-order process is as follows: 

Mt = Mo exp(-kt) 

Where 

Mt = mass removal rate at time t 
Mo  = mass removal rate at time 0 
k = decay constant 
t = time 
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Integration of the function with respect to time from 0 to t yields an expression for the mass 
removed in time t: 

Mass removed in time t = -Mo/k x [exp(-kt)-1] 

If t = ∞ is assumed, then an expression for an estimate of the total mass of the VOC plume in the 
vadose zone is obtained: 

Total mass = Mo/k 

And the time required to remove approximately 95 percent of the plume is: 

Time to remove 95% of plume = -ln(0.05)/k 

3.2.2 Application to Site Data 

The “box” model was applied to the SVE removal rates during extraction from the deep screens 
of both wells. Therefore, MTBE mass removal rates during extraction from the deep screens of 
both wells were calculated using concentration and SVE operating data. The mass removal data 
were plotted with time, and a linear regression was performed to determine the “box” model 
parameters Mo and k. Refer to Table 3-5 and Figure 3-4. 

The linear regression yielded the follow “box” model input parameters: 

Ln(Mo) (y-intercept) = -2.18 
k (slope) = 0.11 day-1 
r2 = 0.8 
 

The “box” model yielded the follow results: 

Tm, total mass of MTBE in vadose zone = 1.1 lbs 
Mass of MTBE removed during the extended test = 1.0 lbs 
Percent of MTBE in vadose zone removed during the extended test = 99 percent 

The “box” model estimations indicated that the MTBE mass removal rate was approaching an 
asymptote, and therefore, the MTBE in the vadose zone may have been removed to the extent 
practicable during the test.  

3.2.3 Rebound Testing 

The purpose of rebound testing is to assess the progress of active SVE remediation by shutting 
down an active SVE system for a period of time and then restarting the system to determine if 
the concentration of the extracted vapor stream increases from the level at the time of the 
shutdown. The theory behind rebound testing is that contamination found in high-permeability 
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soils will be readily removed by SVE because air flow channels are abundant in this regime; 
whereas, the contaminants found in finer-grained, lower permeability soils will be more resistant 
to removal by SVE because air flow channels are less abundant, and thus, contaminants must 
diffuse into the air flow channels in order to be removed.  

Operation of the SVE system will result in the efficient removal of contaminants in the high-
permeability soils. After shutdown, if contaminants remain in the finer-grained soils, the 
contaminants will diffuse from the finer-grained soils to the high-permeability soils, resulting in 
a concentration “rebound” when the system is restarted. Rebound testing, therefore, assesses the 
amount of residual contamination in the finer-grained soils and determines if further operation of 
the SVE system is required. The lack of concentration rebound or the timely dissipation of the 
concentration rebound after restart of the system, indicate only small amounts of residual 
contamination in finer-grained soils, and therefore, represent successful rebound testing results. 

Two rebound tests were conducted to assess the amount of residual MTBE in the shallow vadose 
zone and deep vadose zone after performance of the extended test. The first rebound test 
specified the shutdown of the SVE system for at least five weeks, and then restart of the system, 
extracting from wells VEW1-S and VEW2-S. Vapor samples were then collected (in SUMMA 
canisters) immediately after restart, 6 hours after restart, and 30 hours after restart; and then 
analyzed for TPH-g and VOCs by EPA Methods TO-3 and TO-15. 

The second rebound test was identical to the first one in terms of sampling strategy, but with 
extraction from wells VEW-1D and VEW-2D upon system restart.  

The results of the rebound tests are summarized in Tables 3-6 and 3-7. 

Rebound testing of the shallow zone indicated no MTBE or BTEX concentrations in the SVE 
influent after approximately 5 weeks of system shutdown. The three samples collected after re-
start of the system showed no detections of MTBE or BTEX above the reporting limits of each 
compound. Therefore, it can be concluded that no appreciable amounts of residual MTBE and 
BTEX reside in the shallow zone. This outcome is not unexpected since the pilot testing 
suggested a highly permeable vadose zone in which air flow channels are in great abundance. 

Rebound testing of the deep zone indicated some increase in the MTBE concentration, but no 
significant increase in BTEX concentrations of the SVE influent after approximately 3 weeks of 
system shutdown. For the 3 vapor samples collected, the MTBE rebound concentrations were 
240 ppbv, 160 ppbv, and 110 ppbv within the first 30 hours of operation. These data were 
converted into mass removal rates, and a regression was performed to compare regression 
parameters between this rebound test and the extended pilot test. The regression analysis on the 
MTBE rebound data is shown in Figure 3-5. 
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The analysis yielded the following points of interest: 

• The decay constant for the rebound test was 0.55 day-1, as compared to the decay 
constant of 0.11 day-1 for the extended test. 

• The regression was used to predict when the mass removal rate during the rebound test 
would decline to approximately the mass removal rate that was observed at the 
conclusion of the extended test. According to the regression, it will take less than 
4 days to decline to the same mass removal rate at the conclusion of the extended test, 
which lasted 40 days. 

• The maximum MTBE mass removal rate during the rebound test was 0.01 lbs/day. 

Refer to Table 3-8 for table of regression data. 

The high decay constant calculated for the rebound test and the less than 4-day duration to reach 
the same mass removal rate as the 40-day extended test are indicative of a rapid dissipation of 
the observed MTBE rebound.  This rapid dissipation of the rebound shows that the majority of 
the MTBE has been removed and that there is a relatively small amount of residual MTBE in the 
finer-grained soils of the deep zone. Further, the maximum MTBE mass removal rate of 0.01 
lbs/day that was achieved during the rebound test shows low SVE mass removal performance 
efficiency and suggests that the SVE system has been operated to the extent practicable and that 
there is diminishing benefit relative to the resources required to continue SVE system operation. 

The results of the rebound tests support cessation of SVE system operations. 
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4.0   CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the SVE pilot test, the following conclusions can be made: 

1. The data analysis for the short-term test indicates that the MTBE-affected soils 
beneath the site are suited for remediation via SVE.  

2. The calculated radii of influence for extraction wells VEW-1D and VEW-2D were 91 
and 97 feet, respectively. 

3. MTBE was the primary contaminant detected in the extracted vapor stream; trace 
amounts of BTEX were also detected. 

4. The existing extraction well field encompasses the extent of the MTBE-affected soils, 
and therefore, no additional wells were required. 

5. Analytical SVE modeling suggests that up to 99 percent of the estimated MTBE in 
the vadose zone was removed by the SVE system during the extended test. 

6. Rebound testing showed no detectable MTBE in the extracted vapor stream after 
several weeks of system shutdown in the shallow wells. An MTBE concentration 
rebound was observed during extraction from the deep wells, but a rapid dissipation 
of the rebound was achieved by the SVE system. 

7. The data analysis for the extended test indicates that the SVE system appears to have 
been effective in remediating the vadose zone and has been operated to the extent 
practicable, and hence, no further remedial action is recommended for the vadose 
zone. 
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TABLE 2-1 

SUMMARY OF SOIL SAMPLE RESULTS FROM SVE EXTRACTION WELLS, SITE 210620 
MCB CAMP PENDLETON 

VOCs (μg/kg) Sample 
Location 

Sample 
Number 

Date 
Sampled 

Depth  
(feet bgs)

TPH-g 
mg/kg MTBE TBA TAME Acetone Methyl Ethyl 

Ketone 

Total Lead
mg/kg 

VEW1 0024-501 6/3/03 42 ND 2,700 119 4.2 18 J ND 3.19 

VEW2 0024-503 6/4/03 32 ND ND ND ND 18 J 4 J 1.45 

 0024-504 6/4/03 37.5 ND ND ND ND 11 J ND 3.99 

 0024-505 6/4/03 42 ND 3,200 510 5.7 11 J ND 3.5 

 0024-506 6/4/03 47 ND 14 ND ND 5.6 J ND 3.87 

Notes: 
μg/kg – micrograms per kilogram 
bgs – below ground surface 
J – estimated value 
MCB – Marine Corps Base 
mg/kg – milligrams per kilogram 
MTBE – methyl tert-butyl ether  
ND – not detected 
SVE – soil vapor extraction 
TAME – tert-amyl methyl ether 
TBA – tert-butyl alcohol  
TPH-g – total petroleum hydrocarbons quantified as gasoline 
UST – Underground Storage Tank 
VOC – volatile organic compound 
 
 



TABLE 2-2

SHORT-TERM PILOT TEST DATA FOR VW-1D

Page 1 of 1

Applied
Time Flow Vacuum CO2/O2/CH4 PID VACUUM RESPONSE  (inches of H2O) Remarks

(scfm) (H2O) influent inf/eff VW1S VW1D VW2S VW2D VP1S VP1D VP2S VP2D MW4 MW6

9:00 AM 0 0 -/-/- -/- 0 0 0 0 0 0 0 0 0 0 baseline

9:05 AM 62 -/-/- -/- - - - - - - - - - @100% vacuum

9:30 AM 78 16 5.9/14.6/0 1.2/- 0.2 0.18 5.6 0 0.05 0.01 0.05 6.4 - @25% vacuum

9:48 AM 16 -/-/- -/- 0.2 0.16 5.5 0.01 0.05 0.01 0.04 6.4 0.11

10:00 AM 72 16 6.1/14.4/0 1.0/- 0.2 0.14 5.3 0.01 0.05 0 0.04 6.2 0.11

10:15 AM -/-/- -/- - 0.16 5.4 0.01 0.05 0 0.04 6.2 0.11

10:25 AM 103 28 5.9/14.6/0 1.2/- 0.3 0.22 7.6 0.01 0.07 0.01 0.06 9 - @50% vacuum

10:45 AM 28 -/-/- -/- 0.3 0.22 7.5 0.01 0.07 0 0.06 8.8 0.2

11:00 AM 103 28 4.6/16.0/0 2.3/- 0.3 0.22 7.5 0.01 0.07 0 0.06 8.8 0.2

11:25 AM 155 41 5.2/15.3/0 1.7/- 0.4 0.27 9.4 0.01 0.07 0 0.06 12 0.3 @75% vacuum

11:47 AM 146 43 -/-/- -/- 0.45 0.34 12 0.02 0.08 0.02 0.09 14.5 0.3

12:09 PM 155 42 5.3/15.3/0 1.7/- 0.4 0.28 11 0.02 0.07 0.01 0.06 14 0.26

12:30 PM 155 43 -/-/- -/- 0.4 0.32 12 0.02 0.08 0.02 0.08 - 0.28

1:00 PM 163 48 4.1/16.5/0 1.4/- 0.4 0.32 10.9 0.02 0.08 0.01 0.08 2.3 0.28 @100% vacuum

1:20 PM 48 -/-/- -/- 0.4 0.32 10.9 0.02 0.08 0.01 0.08 13 0.28
1:36 PM 171 48 2.8/17.2/0 1.5/- 0.4 0.32 10.9 0.02 0.08 0.01 0.08 13 0.28

Notes:
Short-term Test (Test 2)
Date: 9/12/03
Site:  Pendleton 210620
Extraction Well: VW1D
CH4 - methanamine
CO2 - carbon dioxide
eff - effluent
H2O - water
inf - influent
O2 - oxygen
PID - photoionization detector
scfm - standard cubic feet per minute

tables 2-2, 2-3, 2-4-SVE.xls

Pilot Test Report
MCB Camp Pendleton

DCN: FWSD-RAC-04-0165
CTO No. 0063, Revision 0, 06/18/04



TABLE 2-3

SHORT-TERM PILOT TEST DATA FOR VW-2D

Page 1 of 1

Applied CO2/O2/CH4 PID
Time Flow Vacuum influent inf/eff VW1S VW1D VW2S VW2D VP1S VP1D VP2S VP2D MW4 MW6 Remarks

(scfm) (H2O)

2:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 baseline

2:55 PM 127 62 5.7/14.1/0.7 13.7/7.0 0.65 9.5 0.29 0 0 0.02 0.08 11 0 @100% vacuum

3:15 PM 127 62 6.0/13.7/0.7 11.7/10.2 0.3 8.8 0.3 0 0.06 0.02 0.08 10 0 initial system temp >200oF

3:30 PM 127 60 -/-/- 10.6/- 0.3 8.5 0.3 0 0.06 0.02 0.08 10 0.14 "

3:55 PM 127 60 -/-/- -/2.0 0.3 8.2 0.28 0.1 0.06 0.02 0.08 10 0.12 "

9:50 AM 0 0 0/14.4/0 0/- 0 0 0 0 0 0 0 0 0 9/11/03 test 2 (step rate)

10:10 AM 103 47 0.1/14.1/0.1 10.7/- 0.26 7.1 0.28 0 0.05 0 0.06 8.1 0.16 @75% vacuum

10:30 AM 89 47 -/-/- -/2.4 0.2 5.6 0.22 0 0.05 0 0.05 6.5 0.14 sytem temp ~ 185oF

10:51 AM 103 48 -/-/- 5.8/- 0.24 6.8 0.24 0 0.05 0 0.05 8 0.14

11:15 AM 73 27 0.1/14.5/0.1 6.1/- 0.11 3 0.1 0 0.03 0 0.04 0.06 @50% system temp ~ 184oF

11:45 AM 76 27 -/-/- 5.8/- 0.14 3.8 0.14 0 0.02 0 0.04 4.1

12:10 PM 80 27 -/-/- 5.2/- 0.16 3.8 0.14 0 0.04 0 0.04 4.1 0.04

12:50 PM 70 18 5.2/15/1.1 5.0/- 0.07 1.7 0.05 0 0.02 0 0.02 2 0 @25% vacuum

1:15 PM 56 18 -/-/- 5.0/- 0.08 2.2 0.05 0 0 0 0.02 2.3 0
1:30 PM 29 18 -/-/- 5.0/- 0.08 2.2 0.05 0 0 0 0.02 2.3 0

Notes
Short-term Test (Test 2)
Date: 9/10/03-9/11/03
Site: Pendleton 210620
Extraction Well: VW2D
CH4 - methanamine
CO2 - carbon dioxide
eff - effluent
H2O - water
inf - influent
O2 - oxygen
PID - photoionization detector
scfm - standard cubic feet per minute

VACUUM RESPONSE (inches of H2O)

tables 2-2, 2-3, 2-4-SVE.xls

Pilot Test Report
MCB Camp Pendleton

DCN: FWSD-RAC-04-0165
CTO No. 0063, Revision 0, 06/18/04



TABLE 2-4

EXTENDED PILOT TEST DATA

Page 1 of 1

Applied CO2/O2/CH4 PID
Date/Time Flow Vacuum influent influent VW1S VW1D VW2S VW2D VP1S VP1D VP2S VP2D MW4 MW6 Remarks

(scfm) (H2O)
9/25/03 12:50 PM 207 57 5/15.6/0 19 0.68 46 0.55 57 0.02 0.14 0.03 0.14 23 0.4 baseline

10/7/03 1:40 PM 207 67 -/-/- - - 62 - 60 - - - - 19 0.42

10/14/03 12:45 PM 213 66 0.8/20/0 13 - 62 - 60 - - - - 18 0.42

10/22/03 12:36 PM 219 66 -/-/- 4 - 62 - 61 - - - - 18 0.45

10/28/03  13:45 PM 219 74 -/-/- 1 - 70 - 70 - - - - 18 0.45

11/4/03 2:12 PM 219 70 0/20.7/0 3 - 66 - 64 - - - - 18 0.44

11/24/03 3:05 PM 242 28 -/-/- 10 22 - 21 - - - - - 0.84 0.22 changed configuration to shallow 
screens only for both wells

12/4/03 2:15 PM 116 56 -/-/- - 0.55 0.37 55 - 0.01 0.14 - - 0.26 0.06 extraction from VW-2S only
Notes:
Extended Test (Test 3)
Date: 9/25/03 - 12/4/03
Site: Pendleton 210620
Extraction Well: VW1D and VW2D
CH4 - methanamine
CO2 - carbon dioxide
H2O - water
O2 - oxygen
PID - photoionization detector
scfm - standard cubic feet per minute

VACUUM RESPONSE  (inches of H2O)

tables 2-2, 2-3, 2-4-SVE.xls

Pilot Test Report
MCB Camp Pendleton

DCN: FWSD-RAC-04-0165
CTO No. 0063, Revision 0, 06/18/04



TABLE 2-5

GROUNDWATER COLLECTION RATES DURING CYCLE 1

Page 1 of 1

Water Tank Dimensions
4 d, tank diameter (feet)

10 L, tank length (feet)
2 r, tank radius (feet)

h, Water Total Total
Cumulative Counter Level Volume Volume Flow Rate Flow Rate

Date Hours (hours) (feet) (ft3) (gallons) (gpm) (gpd)
10/1/2003 5587.6 1.9 59 440 n/c n/c
10/2/2003 21 5608.4 2.1 67 499 0.05 68
10/3/2003 25 5633.8 2.2 71 529 0.02 28
10/6/2003 73 5706.8 2.47 81 609 0.02 26
10/7/2003 23 5729.5 2.55 84 632 0.02 24
10/9/2003 54 5783.6 2.7 90 675 0.01 19

10/10/2003 19 5802.1 2.77 93 694 0.02 25
10/13/2003 2 5804.2 2.78 93 697 0.02 32
10/16/2003 67 5871.1 2.98 100 751 0.01 19

average 0.02 32
Notes:
ft3 - cubic feet
gpd - gallons per day
gpm - gallons per minute
h - height
n/c - not calculable

L

d h

table 2-5 and 2-6 - waterFlowRateCalculator.xls
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TABLE 2-6

GROUNDWATER COLLECTION RATES DURING CYCLE 2

Page 1 of 1

Water Tank Dimensions
4 d, tank diameter (feet)

10 L, tank length (feet)
2 r, tank radius (feet)

h, Water Total Total
Cumulative Counter Level Volume Volume Flow Rate Flow Rate

Date Hours (hours) (feet) (ft3) (gallons) (gpm) (gpd)
100 1 25 184 n/c n/c

168 268 1.65 49 366 0.02 26
216 484 2.125 68 507 0.01 16
45 528.8 2.375 78 581 0.03 40

average 0.02 27
Notes:
ft3 - cubic feet
gpd - gallons per day
gpm - gallons per minute
h - height
n/c - not calculable

L

d h

L

d h

table 2-5 and 2-6 - waterFlowRateCalculator.xls
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TABLE 3-1

ROI CALCULATION FOR VW-1D

Page 1 of 1

Observation r, Distance P, Vacuum P, Vacuum ln r P2
Point (feet) (inches H2O) (psia) (psia2) Regression

0.16666 48.00 12.96 -1.791799 167.93084
VW2D 18 10.9 14.30 2.8903718 204.44058 202.564549
MW4 23 13 14.22 3.1354942 202.27818 204.491276
MW6 90 0.28 14.68 4.4998097 215.55221 215.215152
VW1S 15 0.4 14.68 2.7080502 215.42502 201.131454
VW2S 23 0.32 14.68 3.1354942 215.50981 204.491276
VP1D 25 0.08 14.69 3.2188758 215.76429 205.146677
VP2D 30 0.08 14.69 3.4011974 215.76429 206.579772
VP1S 30 0.02 14.69 3.4011974 215.82794 206.579772
VP2S 36 0.01 14.69 3.5835189 215.83854 208.012867

1% vaccuum 0.48 14.67

Regression parameters
179.85 intercept, Bo

7.86 slope, B1
0.92 r2

1% radius 91 feet

Notes:
H2O - water

psia - pounds per square inch, absolute
ROI - radius of influence

fig 3-1, table 3-1 - P2lnR calcs-VW1D.xls
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TABLE 3-2

ROI CALCULATION FOR VW-2D

Page 1 of 1

Observation r, distance P, vacuum P, vacuum ln r P2
Point (feet) (inches H2O) (psia) (psia2)

0.16666 60.00 12.53 -1.791799 156.88978
VW1D 18 8.5 14.38 2.8903718 206.92597 205.890227
MW4 20 10 14.33 2.9957323 205.37084 206.472391
MW6 105 0.14 14.69 4.6539604 215.70066 215.634849
VW1S 23 0.3 14.68 3.1354942 215.53101 207.244639
VW2S 15 0.3 14.68 2.7080502 215.53101 204.882818
VP1D 23 0.06 14.69 3.1354942 215.78551 207.244639
VP2D 26 0.08 14.69 3.2580965 215.76429 207.922072
VP2S 33 0.02 14.69 3.4965076 215.82794 209.2394
VP1S 36 0 14.69 3.5835189 215.84915 209.720177

1% vaccuum 0.6 14.67

Regression parameters
189.92 intercept, Bo

5.53 slope, B1
0.96 r2

1% radius 97 feet

Notes:
H2O - water

psia - pounds per square inch, absolute
ROI - radius of influence

Regression

table 3-2 - P2lnR calcs-VW2D.xls
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TABLE 3-3

SOIL PERMEABILITY

Page 1 of 1

Extraction Well/Screen VEW-1D VEW-2D
Date/Time Units 9/12/03, 13:36 9/10/03, 15:30
Extraction Well Radius (Re) inch 1 1

cm 2.54 2.54
Air Viscosity (m) g/cm-s 0.00018 0.00018
Observation Well VW-2D MW-4 MW-6 VW-1D MW-4 MW-6
Distance ft 18 23 90 18 20 105
Distance (Dm) cm 548.6 701.0 2743.2 548.6 609.6 3200.4
Screen Interval ft 10 10 10 10 10 10
Screen Interval cm 304.8 304.8 304.8 304.8 304.8 304.8
Extraction Flow Rate cfm 171 171 171 127 127 127
Extraction Flow Rate (Q) cm3/s 80703.5 80703.5 80703.5 59937.7 59937.7 59937.7
Extraction Vacuum (abs, Pe) inches H2O 48 48 48 60 60 60
Measured Vacuum (gauge) g/cm-s2 890829.28 890829.28 890829.28 861043.96 861043.96 861043.96
Measured Vacuum (abs, Pm) inches H2O 10.9 13 0.28 8.5 10 0.14
Measured Vacuum (abs) g/cm-s2 982915.56 977703.13 1009275.6 988872.62 985149.46 1009623.1
ln[Re/Dm] -5.38 -5.62 -6.98 -5.38 -5.48 -7.14
[1-(Pm/Pe)

2] -0.22 -0.20 -0.28 -0.32 -0.31 -0.37
Permeability cm2 4.212E-07 4.682E-07 4.196E-07 2.206E-07 2.322E-07 2.493E-07

darcy 42.54 47.28 42.38 22.28 23.45 25.18
Average Permeability cm2 4.36E-07 2.34E-07

darcy 44.07 23.64

Notes:
abs - absolute
cfm - cubic feet per minute
cm - centimeters
cm2 - centimeters squared
cm3/s - cubic centimeters per second
ft - feet
g/cm-s - grams per centimeter per second
g/cm-s2 - grams per centimeter per seconds square
inches H2O - vacuum in inches of water

table 3-3 - darcyCalcs-Pendleton.xls
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TABLE 3-4

LABORATORY SVE MONITORING DATA

Page 1 of 1

ppmv mg/m3 ppbv μg/m3 ppbv μg/m3 ppbv μg/m3 ppbv μg/m3 ppbv μg/m3 ppmv % ppmv % ppmv %
N/A Ambient 0063-001 11-Sep-03 -- -- 1 5 0.3 0.9 0.6 2 -- -- 0.8 4 212952 21.3 438 0.04 -- --

Influent 0063-002 11-Sep-03 -- -- 3,500 13,100 -- -- 130 490 -- -- -- -- 131841 13.18 59888 5.99 -- --

Effluent 0063-003 11-Sep-03 -- -- 6 22 -- -- -- -- -- -- 0.6(1) 3(1) na na na na na na

Influent 0063-004 12-Sep-03 -- -- 1,200 4,500 -- -- -- -- -- -- -- -- 163605 16.36 49150 4.92 -- --

Effluent 0063-005 12-Sep-03 -- -- 2 7 -- -- 0.4 1 -- -- 0.7(1) 3(1) na na na na na na

0063-006 25-Sep-03 -- -- 960 3600 -- -- -- -- -- -- -- -- 162647 16.26 60421 6.04 -- --

0063-007 9-Oct-03 na na 780 2900 -- -- -- -- -- -- -- -- na na na na na na

0063-009 22-Oct-03 na na 180 680 23 77 69 270 21 95 54 240 na na na na na na

0063-010 28-Oct-03 na na -- -- -- -- 39 150 13 59 63 290 na na na na na na

0063-011 4-Nov-03 na na 27 100 -- -- 20 79 -- -- 45 200 na na na na na na

0063-017 24-Nov-03 na na 230 870 -- -- -- -- -- -- 52 230 na na na na na na

0063-018 5-Dec-03 na na -- -- -- -- -- -- -- -- 32 140 na na na na na na

Intermediate 0063-019 5-Dec-03 na na 170 630 -- -- -- -- -- -- -- -- na na na na na na

Influent 0063-020 7-Jan-04 0.302J 1.212J 3 12 10 33 3 11 0.6 3 2(1) 12(1) 208406 20.84 7122 0.71 -- --
Intermediate 0063-021 7-Jan-04 na na 29 110 0.3 1 -- -- -- -- -- -- na na na na na na

Effluent 0063-022 7-Jan-04 na na 61 230 0.7 2 3 14 0.7 3 3(1) 16(1) na na na na na na
0063-039 14-Jan-04 1.467 5.886 2 7 8 25 13 52 2 8 7 40 205396 20.54 6688 0.67 -- --
0063-049 21-Jan-04 0.383J 1.536J 0.6 2 1 5 0.5 2 -- -- 1 4 210660 21.07 6365 0.64 -- --
0063-050 2-Feb-04 0.027 0.055 0.4 1 2 5 7 27 1 6 6 30 na na na na na na

Notes:
(1) - compound detected in laboratory method blank
-- - not detected
J - estimated laboratory concentration
μg/m3 - micrograms per cubic meter
MTBE - methyl tert-butyl ether
N/A  - not applicable
na -  not analyzed
ppbv -  parts per billion volume
ppmv -  parts per million volume
SVE - soil vapor ex `
TPH - g total petroleum hydrocarbons quantified as gasoline

TPH-g
Extraction 

Well(s)
Sample 

Location MethaneCarbon Dioxide
Fixed Gases

OxygenEthylbenzene Xylenes
Target Compounds (ppbv)

MTBE Benzene Toluene

VW1S & 
VW2S

Influent

Influent

Influent

Sample ID Date

VW1D

VW1D & 
VW2D

VW2D

Table 3-4  (Vapor Results).xls
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TABLE 3-5

SVE MASS REMOVAL RATES DURING DEEP-WELL EXTRACTION
(VW-1D AND VW-2) OF EXTENDED TEST

Page 1 of 1

Time of
Operation Flow Concentration Removal Rate

Date (days) (scfm) (mg/m3) (lbs/day) ln(Mt) Well Configuration
25-Sep-03 0 207 3600 0.067 -2.7 VW-1D & -2D
9-Oct-03 14 207 2900 0.054 -2.9 VW-1D & -2D

22-Oct-03 27 219 680 0.013 -4.3 VW-1D & -2D
28-Oct-03 33 219 48 0.001 -7.0 VW-1D & -2D
4-Nov-03 40 219 100 0.002 -6.2 VW-1D & -2D

"box" model input parameters
-2.18 ln(Mo) (lbs/day) - y intercept
0.11 k (day-1) - slope
0.79 r2

40 t (days)

"box" model output parameters
1.0 mass removed by time t (lbs)
1.1 ultimate mass of plume (lbs)
28 time to remove 95% of plume (days)
99 % plume removed by time t

Notes:
lbs - pounds
mg/m3 - milligrams per cubic meter
MTBE - methyl tert-butyl ether
scfm - standard cubic feet per minute
SVE - soil vapor extraction

MTBE

table 3-5 and figure 3-4 - box model.xls
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TABLE 3-6

REBOUND TEST PARAMETERS FOR SHALLOW ZONE

Page 1 of 1

Time Parameters
shutdown period: approximately 8 weeks
system restarted: 9:00 am, Monday, 3/29/04

Flow Parameters
extraction rate:
extraction vacuum:

Influent Sampling from Total Influent (VEW-1S and VEW-2S)

(ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3)
2/2/2004 0.027 0.06 0.4 1 2 5 7 27 1 6 6 30 system inactivation

3/29/2004 9:20 -- -- -- -- -- -- -- -- 30J 130J system restart
3/30/2004 15:20 -- -- -- -- -- -- -- -- 11J 49J
3/30/2004 15:20 -- -- -- -- -- -- -- -- 12J 55J

Notes:

-- - not detected

cfm - cubic feet per minute

H2O - water

J - estimated laboratory concentration

mg/m3 -  milligrams per cubic meter

MTBE - methyl tert-butyl ether

ppbv -  parts per billion volume

TPH-g - total petroleum hydrocarbons quantified as gasoline

VEW-1S VEW-2S
122 cfm

23.5 inches H2O
108 cfm

22.5 inches H2O

Ethylbenzene Xylene
Time/Date

TPH-g MTBE Benzene Toluene

tab3-6,3-7,3-8 and fig 3-5.xls
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TABLE 3-7

REBOUND TEST PARAMETERS FOR DEEP ZONE

Page 1 of 1

Time Parameters
shutdown period: approximately 3 weeks
system restarted: 9:00 am, Wednesday, 4/21/04

Flow Parameters
extraction rate:
extraction vacuum:

Influent Sampling from Total Influent (VEW-1D and VEW-2D)

(ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3) (ppbv)  (mg/m3)
11/3/2003 0.027 0.06 27 100 -- -- 20 79 -- -- 45 200 system inactivation

4/21/2004 9:30 240E 900E 0.6J 2J 0.8J 3J 0.7J 3J 1J 6J system restart
4/21/2004 15:30 160E 590E -- -- 0.5J 2J 0.6J 2J 1J 5J
4/22/2004 15:30 110E 420E -- -- 0.7J 3J 0.5J 2J -- --

Notes:

-- - not detected

cfm - cubic feet per minute

E - estimated laboratory concentration

H2O - water

J - estimated laboratory concentration

mg/m3 - milligrams per cubic meter

MTBE - methyl tert-butyl ether

ppbv -  parts per billion volume

TPH-g - total petroleum hydrocarbons quantified as gasoline

Benzene Toluene Ethylbenzene Xylene

39 inches H2O 38 inches H2O

Time/Date
TPH-g MTBE

VEW-1S VEW-2S
102 cfm 61 cfm

tab3-6,3-7,3-8 and fig 3-5.xls

Pilot Test Report
MCB Camp Pendleton

DCN: FWSD-RAC-04-0165
CTO No. 0063, Revision 0, 06/18/04



TABLE 3-8

SVE MASS REMOVAL RATES DURING DEEP-WELL EXTRACTION 
(VW-1D AND VW-2) OF REBOUND TEST

Page 1 of 1

Time of
Operation Flow Concentration Removal Rate

Date (days) (scfm) (mg/m3) (lbs/day) ln(Mt) Well Configuration
4/21/2004 9:30 0.0 163 900 0.013 -4.3 VW-1D & -2D

4/21/2004 15:30 0.3 163 590 0.009 -4.8 VW-1D & -2D
4/22/2004 15:30 1.3 163 410 0.006 -5.1 VW-1D & -2D

predicted 3.7 163 100 0.001 -6.5 VW-1D & -2D

"box" model input parameters
-4.46 ln(Mo) (lbs/day) - y intercept
0.55 k (day-1) - slope
0.86 r2

Notes:
lbs - pounds
mg/m3 - milligrams per cubic meter
scfm - standard cubic feet per minute
SVE - soil vapor extraction

MTBE

tab3-6,3-7,3-8 and fig 3-5.xls

Pilot Test Report
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Figure 3-1
Pressure-Flow Performance Curves
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Figure 3-2
ROI Regression Validation for VW-1D
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Figure 3-3
ROI Regression Validation for VW-2D
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Figure 3-4
"Box" Model Regression
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Figure 3-5
Deep Zone Rebound Test
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ATTACHMENT 1 

SVE WELL PERMIT AND BORING LOGS 
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ATTACHMENT 2 

WASTE MANIFEST 
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ATTACHMENT 3 

LABORATORY ANALYTICAL REPORTS 
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ABBREVIATIONS AND ACRONYMS 

μg/L micrograms per liter 

cm/sec centimeters per second 

EPA U.S. Environmental Protection Agency  

ft/ft  feet per foot 

g/cc grams per cubic centimeter  

kg/L kilograms per liter  

L/kg liters per kilogram  

mg/kg milligrams per kilogram (mg/kg) 

MCB Marine Corps Base 

mg/L  milligrams per liter  

mL/g milliliters per gram 

MTBE methyl tert-butyl ether 

NAPL non-aqueous phase liquid 

RNA remediation through natural attenuation 

UST Underground Storage Tank 

WQO Water Quality Objective 

 

 



040165 Appendix D-NA Modeling.doc 1-1 Natural Attenuation Modeling - UST Site 210620  
MCB Camp Pendleton 

DCN: FWSD-RAC-04-0165 
CTO No. 0063, Revision 0, 06/18/04 

 

1.0  INTRODUCTION 

Contaminant transport analytical modeling was used to evaluate and predict the effectiveness of 
biological and physical processes in reducing contaminant concentrations in groundwater at 
Underground Storage Tank (UST) Site 210620, Marine Corps Base (MCB) Camp Pendleton. The 
modeling was performed to evaluate if methyl tert-butyl ether (MTBE) will reach the Camp 
Pendleton Boat Basin located approximately 2,000 feet away from the site. The maximum 
concentration for MTBE detected from the recent groundwater monitoring event was used as the 
starting concentration input to the model. The following sections provide a discussion of the 
conceptual model, model selection, input parameters, modeling scenarios, and modeling results.  

1.1 CONCEPTUAL MODEL 

Based on the geologic and hydrogeologic description presented in previous reports, the geologic 
conditions at the site can be reasonably conceptualized as a homogeneous system for the 
purposes of evaluating the effectiveness of biodegradation, dispersion, and adsorption in 
reducing the concentration of MTBE. Therefore, for all practical purposes of subject modeling, 
the aquifer is modeled as a single layer consisting of dense silty sands.  

1.2 MODEL SELECTION 

The U.S. Environmental Protection Agency (EPA) BIOSCREEN Natural Attenuation Decision 
Support System (EPA, 1996) is an analytical model that simulates remediation through natural 
attenuation (RNA) of dissolved hydrocarbons at petroleum fuel release sites. The software, 
programmed in the Microsoft Excel spreadsheet environment and based on the Domenico 
analytical solute transport model, has the ability to simulate advection, dispersion, adsorption, 
and aerobic decay that have been shown to be the primary biodegradation processes at many 
petroleum release sites. BIOSCREEN includes three different model types:  

1. Solute transport without decay 

2. Solute transport with biodegradation modeled as a first-order decay process (simple, 
lumped-parameter approach) 

3. Solute transport with biodegradation modeled as an "instantaneous" reaction 

The model is designed to simulate biodegradation by both aerobic and anaerobic reactions. It 
was developed for the Air Force Center for Environmental Excellence Technology Transfer 
Division at Brooks Air Force Base by Groundwater Services, Inc., Houston, Texas. 

The site was modeled using the Type 2 BIOSCREEN model type to predict whether or not 
MTBE could reach the Camp Pendleton Boat Basin located 2,000 feet from the site. The Type 3 
BIOSCREEN model was not used, as MTBE does not readily biodegrade.  
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The model was used to predict concentrations over distance to estimate if MTBE will migrate to 
the Camp Pendleton Boat Basin. Groundwater west of Interstate Highway 5 is considered not to 
have any beneficial uses and there is no Ocean Plan Water Quality Objective (WQO) for MTBE. 
Therefore, for the purposes of this model, the drinking water WQO for MTBE of 13 micrograms 
per liter (μg/L) was used.  

1.3 MODEL CONSTRUCTION 

1.3.1 Input Parameters 

Model input parameters were based on pertinent past and recent field measurements, as well as 
literature. Input parameters for the BIOSCREEN model are presented below.  

Seepage Velocity 

The seepage velocity is the interstitial groundwater velocity, equaling Darcy velocity divided by 
effective porosity. Seepage velocity is calculated by multiplying hydraulic conductivity by 
hydraulic gradient and dividing by effective porosity. Hydraulic conductivity, hydraulic gradient, 
and effective porosity values were input to BIOSCREEN to calculate seepage velocity as listed 
below: 

• Typical hydraulic conductivity values in the BIOSCREEN help system for silty soils 
range from 1 x 10-5 to 1 x 10-3 centimeters per second (cm/sec). Conservatively, model 
input hydraulic conductivity of 1 x 10-3 cm/sec was chosen.  

• A hydraulic gradient value of 0.004 feet per foot (ft/ft) was used based on site data. 

• Effective porosity of 30 percent (assumed value) for silty sand soils was used. 

Dispersivity  

Dispersion refers to the process whereby a dissolved contaminant will be spatially distributed. 
Dispersivity values were based on the dispersivity estimation calculations provided in the 
BIOSCREEN input interface.  

• Longitudinal dispersivity = 3.28*0.83[log(plume length/3.28)]2.414 

• Transverse dispersivity = 0.10 * longitudinal dispersivity 

• Vertical dispersivity = 0 feet (conservative) 
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Site data: 

The plume length is estimated at approximately 180 feet in the downgradient direction. 
Therefore: 

• Longitudinal dispersivity = 10.4 feet 

• Transverse dispersivity = 1.0 feet 

• Vertical dispersivity = 0 feet (conservative) 

Adsorption/Retardation Factors 

Adsorption to the soil matrix can reduce the concentration of dissolved contaminants moving 
through groundwater. The retardation factor is the ratio of the groundwater seepage velocity to 
the rate that organic chemicals migrate in the groundwater. The degree of retardation depends on 
both aquifer and constituent properties. The retardation factor is calculated using the following 
equation: 

R = 1 + (Kdρb)/n 

 Where: 

  R = retardation factor, 
Kd = distribution coefficient = Koc * foc 
Koc = organic carbon-water partition coefficient 
foc = fraction organic carbon 
ρb = bulk density 
n = effective porosity 

The Koc value, expressed in milligrams per kilogram (mg/kg), milligrams per liter (mg/L), liters 
per kilogram (L/kg), or milliliters per gram (mL/g), is the chemical-specific partition coefficient 
between soil organic carbon and the aqueous phase. Larger values indicate greater affinity of 
contaminants for the organic carbon fraction of soil. For MTBE, a Koc value of 11.2 L/kg was 
input (Drogas, 2000). 

The foc value, which is unitless, is the fraction of the aquifer soil matrix comprised of natural 
organic carbon in uncontaminated areas. More natural organic carbon means more adsorption of 
organic constituents on the aquifer matrix. Default foc value of 0.001 recommended in the 
BIOSCREEN help system was input to the model. 

The ρb value [expressed in kilograms per liter (kg/L) or grams per cubic centimeter (g/cc)] of the 
aquifer matrix is related to porosity and pure solids density. Default ρb value of 1.7 kg/L 
recommended in the BIOSCREEN help system was input to the model. 
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As described in the Seepage Velocity section discussion above, the model input “n” value 
(porosity) is estimated at 30 percent. 

Instantaneous Reaction Model 

The instantaneous reaction model was not used for MTBE because this model assumes that the 
compound readily biodegrades, and MTBE is not readily biodegradable. 

First-order Decay Model 

In BIOSCREEN, the first-order decay model assumes that the rate of biodegradation depends on 
the concentration of the contaminant and the rate coefficient.  

For MTBE, considering its inability to readily biodegrade, conservatively, a relatively high half-
life period of 10 years was chosen for BIOSCREEN model input. 

Source Zone Concentrations and Dimensions 

Source zone concentration, expressed in mg/L, are aqueous phase concentrations in the source 
area. The source term corresponds to a vertical source plane, normal to the direction of 
groundwater flow, located at the downgradient limit of the area serving as the principal source of 
contaminant release to the groundwater. 

BIOSCREEN allows up to five partitions of the source zone with different concentrations to 
account for spatial variations in the source zone.  

The source zone was constructed with a width of 40 feet consisting of one partition of uniform 
concentration of 1.5 mg/L MTBE (maximum MTBE concentration detected during the most 
recent sampling event).  

Source Thickness in Saturated Zone 

The source thickness in the saturated zone (Z) is the thickness in feet of solvent in the source 
zone. A Z value equal to 5 feet was input. 

Mass of Contaminant in Source Zone (M0) 

M0 is the summation of the mass of MTBE (modeled as MTBE) in the following phases: 

• Dissolved in groundwater in the source zone 

• Adsorbed to soil in the source zone 

• As non-aqueous phase liquid (NAPL) in the source zone 

The source zone was conservatively conceptualized as a 30 feet (length, L) by 40 feet (width, W) 
by, 5 feet thick (height, Z). The source zone was assumed to have a uniform dissolved 
concentration equal to the concentration of 1.5 mg/L; secondly, an equilibrium partitioning 
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calculation was performed to calculate the mass of MTBE adsorbed to soil. Thirdly, NAPL was 
assumed to be zero since free product is not present at the site. The results of the mass 
calculations of MTBE in its three phases are tabularized below: 

Concentration Mass of dissolved-
phase MTBE 

Mass of adsorbed-phase MTBE Mass of NAPL 
MTBE 

Cmax = Cmax x LWZ x n = Kd x Cmax x LWZ x (1-n) x ρsoil Not Applicable 

1.5 mg/L 0.07646 kg 0.00340 kg Not Applicable 

Total M0 MTBE 0.080 kg 
 
Notes: 
μg/L – micrograms per liter 
Cmax − maximum concentration in μg/L 
Kd − soil distribution coefficient for MTBE = foc x Koc (organic carbon partitioning coefficient for MTBE) 
foc −  fraction of organic carbon = 0.001 
L − length of source zone = 30 feet 
Mg/L – milligrams per liter 
MTBE – methyl tert-butyl ether  
Z – saturated zone 
g/cc – grams per cubic centimeter 
kg – kilogram 
L/kg – liters per kilogram 
W − width of source zone = 40 feet 
n − porosity = 0.30 
ρsoil − density of soil particles = 1.7 g/cc 
Koc − 11.2 L/kg 
NAPL – non-aqueous phase liquid 

   

Source Half-life 

It is assumed that MTBE in the source zone attenuates primarily by the passing of fresh 
groundwater through the source zone (advection). The MTBE mass flux out due to advection is 
approximated as the groundwater flows through the source zone multiplied by the source 
concentration.  

The algorithm then involves integrating the concentration versus time relationship (first-order 
decay) and using the relationship that the mass in the source zone over time is proportional to the 
source concentration over time. This yields the following expression for the half-life of the 
concentration of dissolved organics in the source zone: 

thalf-source =  (0.693 * M0  ) / (Q * C0) 
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Where: 

thalf-source = Half-life of source concentration  
Q = Groundwater flows through source zone = seepage velocity x cross 

sectional area of source zone 
C0 =  Effective source zone concentration (observed concentration) at t = 0  
M0 = Mass of dissolvable organics in source zone at t = 0  

The algorithm for finding the half-life of the source zone for the first-order decay model is 
incorporated into BIOSCREEN (EPA, 1996).  

Model Area Length and Width 

The length and width of the model area is the extent of the site downgradient of the source zone 
at which the model predicts the concentration profile of MTBE. The model input is 2,000 feet for 
length and 100 feet for width. These dimensions extend the model area to the Camp Pendleton 
Boat Basin.  

Simulation Time 

The simulation time is the length of time for which concentrations are to be calculated. Model 
input is 100 years.  

The source zone and groundwater flow direction are shown in Figure 1-1. The BIOSCREEN 
input interface is shown in Exhibit A. 

1.3.2 Solution and Results 

BIOSCREEN calculated the concentration profile for the Type 2 model. 

The solute-transport-with-first-order-biological-decay model (Type 2 model) showed that MTBE 
would attenuate to levels below the conservative drinking water WQO within 600 feet 
downgradient of the source, along the plume centerline, within approximately, 40 years 
(Figure 1-2). Thus, MTBE is not predicted to reach the boat basin located 2,000 feet from the site. 
Using this model, the attenuating mechanisms are adsorption, dispersion, and advection, and first-
order biological decay downgradient of the source.  

In general, the model results are favorable because of the relatively large distance to the 
compliance point. 
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FIGURES 





FIGURE 1-2

MODEL RESULTS FOR MTBE ALONG THE PLUME CENTERLINE 
(YEAR 40 OF 100-YEAR SIMULATION PERIOD)
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EXHIBIT A 

BIOSCREEN INPUT INTERFACE 
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BIOSCREEN Natural Attenuation Decision Support System Ust Site 210620 Data Input Instructions:
Air Force Center for Environmental Excellence Version 1.4 MCB Camp Pendleton 115 1. Enter valuedirectly....or

Run Name     2.  Calculate by filling in grey  
1.  HYDROGEOLOGY 5.  GENERAL 0.02          cells below.  (To restore 
Seepage Velocity* Vs 13.8 (ft/yr) Modeled Area Length* 2000 (ft)          formulas, hit button below).

or Modeled Area Width* 100 (ft) Variable*        Data used directly in model. 
Hydraulic Conductivity K 1.0E-03 (cm/sec) Simulation Time*    100 (yr) 20      Value calculated by model.
Hydraulic Gradient i 0.004 (ft/ft)        (Don't enter any data).
Porosity n 0.3 (-) 6.  SOURCE DATA 

Source Thickness in Sat.Zone* 5 (ft)
2.  DISPERSION Source Zones:
Longitudinal Dispersivity* alpha x 10.4 (ft) Width* (ft) Conc. (mg/L)*
Transverse Dispersivity* alpha y 1.0 (ft) 0 0 1
Vertical Dispersivity* alpha z 0.0 (ft) 0 0

or 40 1.5
Estimated Plume Length Lp 180 (ft) 0 0

0 0
3.  ADSORPTION Source Halflife (see Help):
Retardation Factor* R 1.1 (-) 2 2 (yr) View of Plume Looking Down

or Inst. React. 1st Order
Soil Bulk Density rho 1.7 (kg/l) Soluble Mass 0.08000 (Kg) Observed Centerline Concentrations at Monitoring Wells 
Partition Coefficient Koc 11.2 (L/kg) In Source NAPL, Soil If No Data Leave Blank or Enter "0"
FractionOrganicCarbon foc 1.0E-3 (-) 7.  FIELD DATA FOR COMPARISON

Concentration (mg/L)
4.  BIODEGRADATION Dist. from Source  (ft)
1st Order Decay Coeff* lambda 6.9E-2 (per yr)

or 8.  CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 10.00 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO (mg/L)
Delta Nitrate* NO3 (mg/L)
Observed Ferrous Iron* Fe2+ (mg/L)
Delta Sulfate* SO4 (mg/L)
Observed Methane* CH4 (mg/L)

Vertical Plane Source:  Look at Plume Cross-Section and 
Input Concentrations & Widths
for Zones 1, 2, and 3

View Output

 Paste Example Dataset

View Output Restore Formulas for Vs, Dispersivities, R,  
lambda, other

RUN 
CENTERLINE RUN ARRAY Help Recalculate This 

Sheet

L

W

or

oror

or

1
2
3
4
5

or

or
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I. CASE INFORMATION DATE: 
Site Name: UST 210620 
Site Address: Building 210620, 21 Area, MCB Camp Pendleton 
Responsible Party Name: United States Marine Corps RP Phone Number: Tracy Sahagun (760-725-9752)
Responsible Party Address: MCB Camp Pendleton, California 
Current Land Use: Gasoline Service Station 
RWQCB File Number: 9UT3443 Local Case Number: H05939-320 RWQCB Staff:  
Basin Number: 902.10 (Ysidora) Basin Uses: None (west of Interstate Highway 5)  

 
II. RELEASE AND SITE CHARACTERIZATION INFORMATION 

Description of the unauthorized release (cause, release date, source[s]): 
Gasoline leaked from one or more of three USTs (210620-1, 2, & 3). USTs 210620-1 & 2 were installed in 1968, 
had a capacity of 10,000 gallons each, and were constructed of steel. UST 210620-3 was installed in 1978, was 
constructed of fiberglass, and had a capacity of 12,000 gallons. The three original USTs and associated piping were 
replaced in 1997. Date of release was sometime prior to 1997.  

Contaminant[s] identified and amount leaked: 
Primary site contaminant is methyl tert-butyl ether (MTBE). Low to trace levels of benzene, toluene, ethylbenzene, 
total xylenes, and other fuel oxygenates have also been detected. The amount of gasoline that leaked is unknown. 

Description of the soil/geology: 
The native lithology encountered beneath the site to 75 feet during site investigations primarily consists of poorly 
graded sand with a thin (5 foot thick) silt-rich layer between approximately 40 to 45 feet.  Groundwater is 
approximately 50 feet below grade. 

Is soil contamination completely delineated (to what levels)?  
Yes, residual MTBE up to a maximum of 70 μg/kg in the silt-rich layer at 40 feet below grade.  

Areal extent? Beneath tank cavity estimated to be 30 feet by 30 feet. 
Vertical extent? Between approximately 40 feet to 45 feet below grade. 
Est. volume of contaminated soil left on site and concentration:  
Based on verification soil sampling results, impacted soil is limited to a thin silt-rich layer located beneath the tank 
cavity between 40 and 45 feet bgs. Total volume is conservatively estimated to be approximately 170 cubic yards 
with up to 70 μg/kg MTBE. Synthetic Precipitation Leaching Procedure (SPLP) indicates MTBE does not have the 
potential to leach.  
Is groundwater contamination completely delineated (to what levels)?  Yes. During most recent groundwater  
event (January 2004) MTBE was detected at a maximum of 1,500 μg/L. 

Monitoring wells installed, properly permitted? Yes Number of monitoring wells: 12 
 

Depth to groundwater: Approximately 50 feet below grade Seasonal fluctuation: Approx. 0.5 feet/yr
Groundwater flow direction: Northeast   Gradient: 0.004 feet/foot 
Is groundwater or surface water impacted? Groundwater is impacted. Surface water is not impacted. 
Is groundwater contamination contained on site? Contamination extends downgradient approximately 375 feet. 

Nearest receptor (Inland Surface Water, Bay, Drinking Water Wells, etc.):  
The California gnatcatcher buffer zone is located approximately 1,000 feet northeast of the site, and the Pacific 
Ocean is located approximately 2,000 feet to the west. 
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III. MAXIMUM DOCUMENTED CONTAMINANT CONCENTRATION 

Contaminant Soil (mg/kg)  
initial 

Soil (mg/kg)  
current 

Water (μg/L)  
initial 

Water (μg/L)  
current 

TRPH N/A N/A N/A N/A 
TPH (gasoline) ND(1) ND (2) ND(3) ND(4) 
Benzene ND(1) 0.0011 (2) ND(3) ND(4) 
Toluene ND(1) 0.0011 (2) ND(3) ND(4) 
Ethylbenzene ND(1) ND (2) ND(3) ND(4) 
Total xylenes ND(1) ND (2) ND(3) ND(4) 
(1) Maximum concentration detected from soil borings located adjacent to the tank cavity during the initial site investigation completed in 1998. 
(2) Maximum concentration detected from verification soil borings located adjacent to the tank cavity completed in April 2004. 
(3) Results from the initial site investigation completed in 1998. 
(4) Results from the most recent groundwater sampling event completed in January 2004. 

IV. TREATMENT AND DISPOSAL OF AFFECTED MATERIAL 

Material Amount (include units) Action (treatment  
or disposal) Concentration Date 

Soil N/A N/A N/A N/A 

Groundwater Minor amounts of well 
development and purge water 

Disposal at D/K 
Environmental, Vernon, CA N/A Various 

Free Product N/A N/A N/A N/A 
Barrel(s) N/A N/A N/A N/A 

Tank(s) Two 10,000 gallon steel tanks, one 
12,000 gallon fiberglass tank Disposal N/A 1997 

Piping Unknown quantity Disposal N/A 1997 

 
V. CLOSURE 

Does completed corrective action protect beneficial uses per the RWQCB Basin Plan? Yes 

Should corrective action be reviewed if land use changes? No 

  

Monitoring wells decommissioned? No Number decommissioned: 0 Number retained: 12 

Enforcement actions taken: None 

Enforcement actions rescinded: None 

 
VI. SIGNATURE OF REVIEWER 

 Date  
(Staff Name)   
 
VII. SIGNATURE OF SENIOR STAFF 

 Date  
(Senior Staff Name) 
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